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xihc  Kansas  River  and  allaclicd  to  the  substrate  in  t)ie  creeks),  from  portable  invertebrate  box  samplers  in  riffles, 
.^rid  from  dip-net  and  hand  collections.  Fauna  from  the  creeks  was  predominately  riffle  beetles,  caddistlies,  and 
maynies;  caddisflies  and  mayflies  were  the  most  abundant  species  in  the  rock-filled  baskets  from  the  river 
Blackfly  larvae  were  predominant  in  Spoon  Creek,  which  had  a high  organic  load  from  farmland  runoff  before  it 
entered  SAAP.  No  adverse  conditions  were  observed  in  temperature,  dissolved  oxygen,  and  pH  during  several 
days  of  continuous  monitoring.  Changes  in  hardness,  turbidity,  alkalinity,  nutrients,  and  chloride  were  directly 
related  to  fluctuations  in  discharge  .Construction  activity,  production  testing,  and  startup  operations  will  be  the 
major  impact  from  the  new  nilrogJplV^inc  facility.  Tliese  impacts  are  expected  to  be  mitigated  by  erosion 
control  and  recent  proposals  to  rei^le  process  wastewaters.  During  the  preparation  of  this  report,  a new 
discharge  location  m Kill  Creek  was  a^roved  for  the  nitroguanidine  facility.  Tlie  survey  results  given  in  this 
report  ate  not  intended  to  evaluate  this  d\charge  location,  and  they  are  not  directly  applicable  to  the  new  site. 
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SUMMARY 


It  tlic  proposed  nitrogiianidine  (acilify  and  support  tacility  operate  according  to  its 
design  criteria,  the  industrial  discharge  will  have  essentially  no  impact  on  water  quality  in  the 
Kansas  River.  The  primary  impacts  may  occur  from  siltation  in  Captain  Creek  during  construction. 
Tlie  paucity  of  aijuatic  toxicity  and  chemical  data  about  nitroguanidine,  its  potential  byproducts, 
and  the  potential  for  operational  failures  preclude  a casual  a priori  statement  that  no  impact  on 
water  quality  will  occur  from  construction  and  operation  of  the  nitroguanidine  facility. 

Water  in  the  Kansas  River  and  the  creeks  draining  SAAP  has  high  nutrient  loads, 
suspended  solids  (residue),  and  chlorides.  Flow  and  water  quality  in  the  creeks,  in  particular,  vary 
v/ith  season  and  rainfall.  During  low  flow  Kill  Creek  is  maintained  by  discharges  from  SAAP,  which 
are  of  sufficient  quality  to  maintain  an  aquatic  community  ot  moderate  diversity,  including  some 
species  that  tolerate  moderate  levels  of  organic  pollution. 

The  best  quantitative  sampling  results  were  achieved  in  the  creeks  by  taking  five 
replicate  portable  invertebrate  box  samples  in  riffle  areas  with  similar  substrate,  depth,’ and 
current  speed.  Rock-filled  basket  samples  were  most  useful  to  sample  macroinvertebrates  in  the 
Kansas  River.  Because  habitat  was  limited  and  siltation  was  common  in  the  river,  suspended 
artificial  substrates  were  the  most  practical  method.  It  was  found  that  each  method  excluded  some 
members  of  the  aquatic  community. 

The  new  location  of  the  nitroguanidine  discharge  is  downstream  of  any  of  the 
monitoring  stations  on  Kill  Creek  and  on  the  Kansas  River.  Although  results  from  this  study  will 
assist  future  survey  work  at  SAAP,  they  are  not  sufficient  to  provide  a baseline  for  the  new 
discharge  point.  Therefore,  baseline  studies  in  lower  Kill  Creek  and  in  the  Kansas  River  are 
recommended  before  the  completion  of  the  nitroguanidine  facility. 
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RESULTS  OF  AQUATIC  ECOLOGICAL  SURVEYS  AT 
SUNFLOWER  ARMY  AMMUNITION  PLANT. 
LAWRENCE.  KANSAS 

PART  I:  MACROINVERrEURATES  AND  WATER  QUALITY 


I.  INTRODUCTION 

riic  first  nitrogiianiJinc  production  lacility  in  tlie  United  States  is  being  constructed  at 
Sunllower  Ann>  Ammunition  Plant  (SAAIM,  Lawrence,  Kansas.  Tlic  facility  is  to  be  desigm.u  to 
produce  45  tons  oi  nitroguanidine  per  day  by  the  reaction  of  cyanarnide  wiiii  ammop'um  nitrate, 
forming  guanidine  nitrate.  The  guanidine  nitrate  is  dehydrated  by  stronc  sulfuric  acid  to  form 
nitroguanidine. 

Streams  of  industrial  water  will  be  completely  recycled  within  the  plant  so  that  no 
process  wastewater  will  leave.  However,  about  1,075,680  gal/day  of  other  wastewaters  will  be 
discharged  into  tlie  Kansas  RiverT  these  aijiieous  wastes  will  consist  of  condensates  from 
evaporation  and  vacuum  crystallization,  cooling  tower  blowdown,  and  wasliwater  from  the  /colite 
softeners  and  silica  removers.  I igure  i shows  the  location  of  the  proposet'  discharge  point  from  the 
nitroguanidine  facility.  Table  1 shows  the  chemical  composition  and  quantity  of  wastewaters 
emitted  from  the  nitroguanidine  facility  and  its  probable  impacts  on  waterquahty  in  the  Kansas  River. 
If  the  discharge  is  as  predicted,  the  imptici  should  be  small  However,  because  this  facility  is  the  first 
nitroguanidine  facility  in  the  country,  discharge  standards  for  this  type  of  operation  have  not  yet 
been  promulgated  and  potential  synergistic  effects  of  the  constituents  of  the  discharge  cannot  be 
predicted  fherefore,  baseline  ecological  surveys  of  the  Kansas  River  were  initiated  in  the  spring  of 
1675  to  establish  current  conditions  and  to  cimipare  them  with  conditions  after  discharge.  .A 
portion**  of  those  survey  results  are  presented  here.  During  these  initial  surveys,  sampling  was  also 
conducted  on  the  creeks  surrounding  the  plant  to  determine  if  past  plant  activites  had  caused 
adverse  impacts  and  to  gather  baseline  data  to  measure  any  impacts  from  the  construction  of  the 
facility . Results  of  these  surveys  are  also  included.  Details  of  past  and  present  activities  at  .SA.AP  are 
contained  in  the  report  from  the  preliminary  environmentai  survey. 

II.  DESCRIPTION  OF  STUDY  AREA 

Drainage  from  the  plant  is  through  Kill  (jeek,  Spoon  Creek,  and  Captain  Creek,  all  ot 
which  (low  north  and  eventually  enter  the  Kan.sas  River  at  two  points  ( figure  1 ).  The  creeks  (which 
also  drain  large  tanning  areas  upstream)  receive  runoff  and  ground  water  from  the  plant, 
higlit  sampling  sites  were  established.  Six  were  located  in  creeks.  They  are  Captain  Creek  Stations  1 
to  -I  (CC  I to  CC  3).  Kil'  Creek  Stations  1 and  2 (K(  1 and  KC  2),  and  Spoon  Creek  Station  1 (SP( 
I).  (See  figure  2.)  Two  were  located  in  the  Kansas  River.  They  are  Kansas  River  Stations  1 and  2 
(KR  1 and  KR  2).  (See  figure  I.) 


•Currently  Ihn  discharge  will  be  into  Kill  Creek.  However,  all  waters  m.iy  be  recycled  for  use  in  the  potable-water  system  if  stii 
dies  by  the  Surgeon  (ieneral  show  there  is  no  toxi.iiy  problem  associated  with  these  treated  waters 
“•Part  II, /’en/r/iyron  and  Primary  Productivity,  will  follow  this  report  . — 
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•\.  Creeks. 


Cuplain  Creek  receives  runoll  aiul  nioui'ui  water  from  the  western  portion  <m  ilie  plant 
ineliKiinp  part  of  the  storage  area,  all  of  the  hurning  groiiiuls,  solvent  aiea  and  tlie  constriK  ti<;n  site 
lor  nitroguanidine  facility  (figure  ,t).  it  originates  off  the  plant  and  has  a total  drainage  area  ot 
approximately  48  mi^,  most  of  which  is  agriculiuial.  There  are  no  eflluent  discharges  from  the 
plant  into  Captain  Creek.  Spoon  Creek  receives  runoff  and  ground  water  Irom  the  southeastern 
portion  of  the  plant,  which  includes  the  remainder  of  the  storage  area,  munitions-production  area 
(N  line  I ,:iul  mechani/ed-roll  area.  In  addition,  Spomi  Creek  received  wa  idown  discharges  from 
N line  when  that  line  was  operating.  Spoon  (reek  wd!  also  receive  discharges  ol  0.125  million 
gallons  per  ilay  (Mgal'day)  from  the  mechani/ed-roll  facility,  which  is  now  under  construction. 
Tcarson  et  al. ' provided  a detailed  description  of  the  various  plant  areas  and  all  plant  ilischarges  and 
their  chemical  characteristics.  Outside  the  installation.  Spoon  Creek  diaiii  appioxiniatclv  1 mi-  ot 
predominantly  agric  iltural  land,  before  converging  wdh  Kill  Oeek 

Kill  Creeic  drams  the  remainder  of  the  plant  via  two  mam  tributaries,  botii  of  which 
enter  the  creek  above  station  KC  1 but  below  KC  2 (figure  2i.  T'le  Soutli  Iributary  of  Kill  Creek 
received  discharges  from  a munitions-production  area  (T  line),  the  paste  ,:id  nitroglycerine  aic.-.s.  and 
from  the  south  acid  area.  The  North  'Tributary  received  disch.rucs  in  me  niti  ‘llulose 
piX'duction  area,  north  acid  area,  and  powerhouse  No  .V  During  lew  fl  ,w.  kill  ( reek  discli.irges 
from  the  photography  laboratory,  package  boilers,  and  the-  sewage  t eatment  plant  (0.15  Mgal'day  ) 
through  the  South  Tributary  and  overilow  from  pond  U through  the  North  Tiibutarv  of  Kill  Creek 
Kill  Creek  originates  off  the  plant  where  eme  of  its  branches  is  impouiuleel  a'  (lardner  Kescrvoir  It 
drains  approxiiii,  tely  40  mi^.  iiiclud-'ig  the  town  of  DeSoto.  which  is  downsireaiii  from  the  pl.iiit 
near  the  Kansas  River. 

Kiltie  habitats  comparable  with  one  another  (in  depth  and  current-tlow  raiesl  weie 
chosen  as  sampling  sites  in  each  of  the  creeks  to  reduce  variabiliiy  m sampling,  fable  2 shows 
the  ranges  of  creek  depth,  width,  velocity,  and  mean  substrate  si/e  for  each  of  the  six  creek 
stations  The  mean  substrate  size  was  computed  is  the  longest  dimension  of  ^0  stones  from  c.icli 
of  the  five  I -ft-  areas  of  a riille  divided  by  tlie  number  ol  stones 

Data  111  table  2 indicate  that  stations  on  Captain  Creek  have  a smaller  range  about  their 
mean  substrate  si/e  than  do  the  other  stations,  suggesting  greater  substrate  similarity  among  these 
stations.  Stream  velocity  was  variable  at  all  stations  with  no  observable  trends  Both  parameters  are 
known  to  signilicantly  affect  the  distributions  of  aquatic  macroinverlebrates.' 

B.  Kansas  River 

I he  two  stations  on  the  Kansas  River  were  located  below  and  above  the  originally 
projiosed  nitroguanidine  (iroduction  facility  discharge  (figure  1 ).  The  river  is  approximately 
200  meters  wide  at  ilie  discharge  point  and  the  flow'  upstream  is  divided  by  an  island  During 
low  How,  approxiiiiately  70'/f  of  the  How  is  confined  to  the  south  side,  where  the  sampling 
stations  and  proposei'  diesharge  site  are  located  Stieain  velocity  at  KR  2 i.mged  from 
0.30  to  0.75  ni /sec  during  the  September  sampling  trip  The  rivet  sediments  consisted  of  shifting 
coarse  sand  with  some  limited  areas  of  mud  in  slack  water  rreas  near  the  banks  and  river  islands. 
The  Kansas  River  m this  region  has  a drainage  area  ol  approximately  154,768  km-  (5^.756  mi-).^ 
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Figure  3.  Gtucial  Aicas  on  Sun  »wcr  Anmiunition  Plant  (1)  Storage  Area.  (2)  Btirning 
Ground.'!,  (3)  .Solvent  Area,  (4)  Nitroguaiiuh.ie  I'adlity,  (5)  N lane  Munitions 
Production  Area,  (6)  Mechanized  Roll  Aiea,  (7)  F Une,  (8)  NitroglyceniK  t'z) 
Paste  Area,  (10)  South  Acid  Area.  ( 1 1 ) l\  werhouse  Area,  (12)  Nitrocellulose  Area. 
( I 3)  Sewage  Trcatinenl  Plant,  (14)  StafT  llou.sing 


i 

i 

Fable  2 Wultli.  Depth,  Substrate  Si/.e,  and  Stream 
Velocity  at  Sampling  Stations  on  Captain  Creek,  Kill 
Creek,  and  Spoon  Creek  Dunng  the  May-to-Jiine 
Survey 


Sa  niple 
location 

1 

Width 

-| 

Depth 

Mean 

substrate 

size 

Stream 

velocity 

in 

cm 

cm 

Ill/SCC 

1 Captain  Creek ; 

i CC  1 

6-y 

1 5-38 

3.5 

0 65-0  95 

cc ; 

3-6 

25-48 

4.5 

.70-1 .20 

CC  ^ 

3-9 

1 0-33 

4.8 

.55-1.70 

1 Kill  Creek 

! KC  1 

4-9 

1 0-46 

4.9 

80-1.30 

KC  2 

3-6 

5-35 

3.5 

1.50-2.40 

Spoon  Creek:  SPC  1 

I -6 



8-46 

3.2 

45-.70 

III  METHODS 

A.  Chemical  and  Physical. 

The  date,  tyjie,  and  location  of  water  samples  taken  for  chemical  and  physical 
determinations  are  shown  in  table  3.  Two  types  of  water  analyses  were  conducted:  wet-lab 
chemistry  on  24-hour  composite  samples,  and  continuous  in  situ  measurements  of  pM,  dissolved 
oxygen,  temperature,  and  conductivity. 


Table  3.  Date,  Type,  and  Location  of  Chemical  Sampling 


Station 

Dates  of  collection 

24-hr  composite 

Continuous 

Captain  Creek: 

CC  I 

June  1975 

3-4  June  1975 

CC  2 

(•) 

(•I 

CC  3 

3-4  June  1975 

3-4  June  1975 

Kill  Creek: 

KC  1 

2-3  June  1975 

28  May  to  3 June  1975 

30-31  August  1975 

29  August  to  7 September  f975 

KC  2 

28-29  May  1975 

28-30  May  1975 

Spoon  Creek.  SPC  1 

1-2  June  1975 

30  May  to  3 June  1975 

Kansas  River: 

KR  1 

1*) 

(•) 

KR  2 

5 June  1975** 

5 June  1975 

27-28  August  1975 

27  August  to  9 September  1975 

29-30  August  1 975 

- 

4-5  September  1975 

- 

6-7  September  1975 

- 

*Not  iiiimplcd. 

•*6-houi  composite  sample. 
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Discrete  water  samples  were  collected  with  a No.  13‘>2-X  wastewater  sampler*  by 
taking  hourly  samples  of  etiual  volume.  These  samples  were  collected  in  separate  containers  that  had 
been  washed  with  phosphate-free  detergent,  rinsed  with  dilute  nitric  acid,  and  triple-rinsed  with 
distilled  water.  The  samples  were  kept  in  an  ice  bath  (at  4°  ('I  until  chemical  analyses  were 
performed.  The.se  hourly  samples  were  further  composited  by  taking  eipial  volumes  from  three 
consecutive  samples.  Chemical  analyses  were  then  performed  on  the  eight  samples  (a  24-hour 
period)  on  the  same  day  the  sampler  was  recovered  from  the  field.  The  following  parameters  were 
measured  for  all  composite  water  samples  according  to  standard  methods;^  total  alkalinity 
(titration  to  pH  ,S.l);  chloride  (mercuric-nitrate  method);  total  hardness  (titration  method); 
nitrogen,  nitrate  (dia/oti/ation  method);  phosphate,  ortho  (ascorbic  acid  method);  total  residue; 
filterable  residue;  nontllterable  residue;  and  sulfate  (turbidimetric  method).  Turbidity  was 
determined  using  an  absorptometric  method^  on  a Spectronic  20.** 

All  other  analyses  used  Hach  chemicals,^  and  speetrophotometric  determinations 
were  conducted  with  a Mach  DR-2  spectrophotometer. 

hi  situ  water  measurements  were  made  with  two  model  61)  llydrolab  Surveyors.^  ^ Con- 
tinuous recording  was  accomplished  by  using  a Hydrolab  model  400  recorder  and  model  lOSl  data 
scanner  with  one  unit,  and  a model  4A  controller/digital  data  logger"  with  the  other  unit.  The  pH 
probe  of  the  data-logger  unit  did  not  function  during  the  May  to  June  survey.  Conductivity, 
temperature  and  pH  probes  were  calibrated  against  laboratory  stand.irds  before  field  use  and 
thereafter  every  3 days  while  in  the  field.  The  dissolved  oxygen  probes  were  calibrated  every  3 days 
with  the  use  of  the  partial  pressure  of  Oj  in  air  corrected  for  barometric  pressure  as  a standard. 
Stream  velocity  was  measured  with  a model  665-K  direct-read  Gurley  current  meter."  " 

B.  Biological. 

Macroinvertebrate  collections  were  made  at  all  six  creek  sampling  locations  on  30  May 
and  I June  I97.S  and  only  at  KC  1 on  6 .September  ld75  because  it  was  the  only  creek  station  that 
had  flowing  water.  Sampling  consisted  of  five  replicate  1-ft^  (0.093  m^ ) samples  taken  in  riffies 
with  a portable  invertebrate  box  sampler  (PIBS).'^  All  rubble  was  removed  from  the  sample  area 
and  was  scrubbed  with  a soft-bristle  brush,  or  the  invertebrates  were  removed  by  hand.  The 
contents  of  the  sampler  were  washed  into  a No.  30  mesh  sieve  bucket  (0.595-mm  openings)  and 
were  then  transferred  to  jars  containing  7(y/c  isopropyl  alcohol  and  150  mg/1  of  rose  bengal  dye.  The 
organisms  were  sorted  from  the  debris  in  a white  enamel  pan  and  were  preserved  in  isopropyl 
alcohol  for  later  identification  and  enumeration.  Collections  of  macroinvertebrates  were  made  in 
the  Kansas  River  at  two  locations  (KR  1 and  KR  2)  during  the  May-to-June  survey  and  at  one 
station  (KR  2)  during  the  August-to-September  survey.  During  the  May-to-June  survey  three 
replicate  artificial  substrate  samplers^  (barbecue  baskets)  were  suspended  0.5  meters  below  the 
surface  from  buoys  at  both  stations.  In  August,  two  sets  of  three  replicate  artificial  substrates  were 
also  suspended  0.5  meters  below  the  surface  at  KR  2.  The  artificial  substrate  samplers  were  allowed 


‘instrumentation  SpedaJtics  Company,  t.incoln,  Nebraska 
“Bausfh  and  Lomb,  Inc.,  Rochester,  New  York. 
tHach  Chemical  Company,  Ames  Iowa, 
ttilydrolab  Corporation,  Austin,  Texas. 

SNcw  Kngland  Research  Associates,  Inc.,  Lexington,  Massachusetts. 
S^Teledync  (iurley  Hydrological  Instruments,  Troy,  New  York. 
*L;ilis-Rutter  Associates,  Douglasville,  Pennsylvania. 
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to  he  c('loni/cil  li>  organisms  tor  .^0  days,  I'rom  May  to  June,  and  for  1 5 days  from  late  August 
to  mid-September. 


nurmg  tlie  August-to-September  survey,  two  round  multiplate,  variably-spaced 
samplers^  were  also  used  at  KR  2 to  compare  the  etficiency  of  the  two  types  of  samplers.  A 
detailed  comparison  of  the  two  methods  will  be  presented  in  a separate  report.  The  artificial 
substrate  samplers  (barbecue  baskets)*  were  7 by  1 1 inches  (17.8  by  28  cm)  containing  unglazed 
lapped  pr)rcelain  spheres**  exposing  2.62  ft-  (0.24  m- ) of  surface.^  When  filled  with  30  spheres, 
the  baskets  were  wired  shut  and  were  suspended  with  1 /8-inch  stainless-steel  cable  0.5  meters 
below  the  surface  from  a ring  of  six  1-gal  jugs  tilled  with  styrofoam.  The  float  was  anchored  to 
220  pounds  ( 100  kg)  of  concrete  blocks  hound  together  with  1 /8-inch  stainless-steel  cable. 

During  sample  collection,  a No.  30  sieve  bucket  was  placed  around  the  baskets 
before  they  were  removed  from  the  water.  Once  out  of  the  water,  they  were  placed  in  a dishpan, 
and  the  spheres  were  removed  and  scrubbed.  Samples  were  then  treated  as  previously  described. 

All  organisms  were  identified  to  species  when  possible  with  the  use  of  common 
taxonomic  references,*' ’ ^ followed  by  consultations  with  taxonomists!  for  confirmation  of  our 
identification.  For  this  study  an  acceptable  error  of  ±20%  was  used  for  estimates  ol  the  true 
mean.  Taxonomic  treatment  of  each  group  of  organisms  was  uniform  throughout  the  study  and 
the  lowest  level  of  identification  for  each  kind  of  organism  was  considered  as  one  taxon  when 
determining  the  total  number  of  taxa  in  each  sample. 

C.  Statistical  Analysis. 

Means,  standard  deviations,  and  ranges  were  calculated  for  all  chemical  and  physical 
parameters  in  each  sample. 


Data  resulting  from  identification  of  benthic  macroinvertebrates  were  grouped  and 
coded  for  computer  analysis  by  stream,  station,  and  sample  number.  The  Shannon  diversity  index’  * 
was  calculated  for  each  replicated  sample  according  to  the  formula 


(/  = 


* V. 


.V 

I 

A' 


where  .V  is  the  total  number  of  individuals  collected  for  all  species  (.v)  and  A',  is  the  number  of 
individuals  for  a single  species  (/).”  Shannon  diversity  measures  the  uncertainty  of  collecting  a 
specimen  of  a particular  species  at  random  from  the  community.  When  the  number  of  species 
increases,  and  the  number  of  individuals  for  each  species  is  equal,  the  uncertainty  of  collecting  a 
particular  species  is  high,  and,  hence,  the  diversity  is  also  high.  In  monospecific  collections  there  is 
no  uncertainty  because  only  one  species  is  collected;  then  the  diversity  d = 0.  The  diversity  index 
considers  the  number  of  species  and  the  distribution  of  individuals  among  the  species  and  is  useful 


‘Parattuiunt  Wire,  Im;.,  Alhambra,  California. 

••(■erro  Corporation,  Refractories  Division,  hast  Liverpool,  Ohio 
tThese  were  Donald  G.  Kufcgins  (Odonala.  Usphemeropterj.  Trichopwra,  Mt-golopiera,  and  Seuroptcn\.  Paul  M iRchti  tHcmip 
tera),  Dave  Roukik  iCo/eoptera),  all  afriliated  with  the  Stale  Biological  Survey  of  Kan.sas.  lawrencc.  Kansa.s.  Kenneth  W Steward 
and  William  Stark  (Plecoptera),  North  Texas  Slate  University,  Denton,  Texas,  and  John  S.  Dendy  and  Kenneth  1.  Manuel  (Oiirtx 
nomiJae  and  other  Dtpirra),  Auburn  University,  Auburn  Alabama. 
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tor  comparing  macroin  vertebrate  communities  between  different  locations.  These  indices  were 
grouped  by  station  and  analyzed  by  a one-way  analysis  of  variance  (ANOVA)  to  detect 
statistically  significant  differences  between  mean-station  diversities.*  ANOVA  was  also  performed 
on  the  number  of  species  and  number  of  individuals  to  test  for  differences  in  the.se  means 
between  stations.  Tlie  data  were  also  tested  to  determine  whether  they  met  the  assumptions 
underlying  an  ANOVA  (such  as  having  a normal  distribution).  Accordingly,  the  number  A"  of 
individuals  of  macroinvertebrates.  A',  was  transformed  to  logjQ  (AT  + I ) to  satisfy  the  assumptions 
of  ANOVA.  Because  one-way  ANOVA  cannot  be  used  to  show  differences  between  specific 
sta'ions  in  means,  a means  separation  test,  the  Student-Newman-Keiils  test,^^  was  used  to  rank 
and  mcasi'  e the  differences  between  stations  in  means. 

The  index  of  biotic  similarity^'  B was  calculated  for  macroinverfebrate  distributions 
among  stations  according  to  the  formula 


k maxfA'.^Ar.^) 

where  ^ and  X.  ^ are  the  numbers  of  individuals  of  species  / at  stations  a and  b,  respectively.  This 
was  based  on  a matrix  of  numerically  dominant  species  that  had  both  significant  distributions 
(ANOVA,  a = 0.10)  and  were  collected  in  numbers  at  least  the  number  of  replications  being 
analyzed.  The  level  for  a = 0.10  was  employed  in  these  ANOVA  tests  instead  of  the  more  stringent 
level  for  a = 0.05  to  reveal  trends  or  patterns  in  station  differences  rather  than  to  establish  proof  of 
differences. 


An  important  feature  of  B is  that  it  allows  the  u.ser  to  omit  matches  in  which  a 
particular  species  is  absent  from  both  stations  (0-0  matches  ignored)  or  to  assign  them  the 
maximum  value  (0-0  matches  equal  1.)  This  feature  allows  the  user  to  incorporate  or  exclude 
mutual-absence-type  data  when  generating  the  similarity  index,  depending  upon  the  judgment  of 
the  u.sers  upon  the  validity  of  these  matches.  For  example,  in  a set  of  data  in  which  there  are  many 
rare  species,  there  would  also  be  numerous  mutual-absence-type  matches,  therefore,  the  option  for 
0-0  matches  to  be  ignored  would  be  the  one  of  choice  because  these  matches  arc  probably 
insignificant.  However,  if  the  rare  or  insignificant  occurrences  were  removed  from  the  data,  as  was 
done  in  this  case,  then  mutual-absence-type  matches  would  reflect  actual  similarity  between 
stations,  and,  therefore,  the  option  for  0-0  matches  equal  1 would  be  appropriate. 

The  matrix  of  coefficients  of  biotic  similarity  between  stations  was  then  subjected  to 
cluster  analysis.^^  We  have  used  the  unweighted  pair-group  method,  which  has  been  shown  to 
introduce  the  least  distortion  in  the  clusters.^  ^ The  results  of  the  cluster  analysis  arc  displayed  in 
the  form  of  a dendrogram.  The  amount  of  distortion  in  the  dendrogram  caused  by  the  cluster 
method  was  determined  for  each  analysis  by  the  calculation  of  a cophenetic  correlation  coefficient 
Interpretations  of  dendrograms  with  cophenetic  correlations  <0.75  must  be  cautious.  A 
detailed  discussion  of  cluster  analysis  methods  can  be  found  in  the  work  of  Sneath  and  Sokal.^^ 


•Cimba,  P.  A.,  Asaki,  A.  E.,  Pearson,  J.  G.,  and  Bender,  E,  S.  ARCSL-TR-77035.  A Computer  Program  for  the  Analysis  of  Macro- 
invertebrate  Data  From  Water  Quality  Surveys.  'May  1977.  UNCLASSIFIED  Report. 


18 


I 


S|v;irman’s  rank-corrolation  coclticii’iits^*'  wore  also  calculated  between  stations 
based  on  species  ranked  in  order  of  their  abundance.  The  statistical  significance  of  these  coefficients 
was  determined  according  to  Dixon  and  Massey.^*’ 

IV  RESULTS. 

A.  Chemical  and  Physical. 

F-low  data  for  the  Kansas  River  from  the  DeSoto,  Kansas,  gaging  station  was  obtained 
from  the  Department  of  Interior*  (Table  4|.  Flow  during  the  first  survey  (14,319  ft^/s,  average, 
with  a standard  deviation  of  8,956  ft^/s.  This  is  considered  to  be  typical  seasonal  variation  for  the 
Kansas  River  * 

F'low  data  for  the  sampling  station  on  the  creeks  surrounding  SAAP  were  presented  in 

table  2. 

Rainfall  data  for  SAAP  during  the  surveys  are  shown  in  table  5.  Rainfall  during  the 
spring  trip  was  normal,  but  subsequently  Kansas  suffered  one  of  its  lowest  summer  rainfalls  in  many 
years.  The  rain  that  occurred  in  August  had  very  little  effect  on  flow  in  the  Kansas  River.  F'ven  after 
I 7 inches  of  rainfall  on  26  August,  there  were  no  detectable  flow  in  the  creeks  around  SAAP. 


Table  4.  Flow  Data  From  Kansas  River  at  DeSoto.  Kansas,  Dunng 
the  Survey.  May  to  September  1975 


Date 

Flow 

Date 

Flow 

ft^/s 

ft^/s 

27  May 

2,680 

26  Aug. 

3.850 

28  May 

3,390 

27  Aug. 

3,780 

29  May 

8,570 

28  Aug. 

3,930 

30  May 

9,790 

29  Aug. 

3,670 

31  May 

1 4,000 

30  Aug. 

3,430 

1 June 

10,800 

31  Aug. 

3,060 

2 June 

8,290 

1 Sept. 

2,960 

3 June 

8,570 

2 Sept. 

2,840 

4 June 

1 8,500 

3 Sept. 

2,810 

5 June 

17,200 

4 Sept. 

2,690 

6 June 

16,700 

5 Sept 

2,590 

7 June 

17,200 

6 Sept. 

3,070 

8 June 

16,800 

7 Sept. 

3,890 

9 June 

23,400 

8 Sept. 

3,380 

10  June 

38,900 

9 Sept. 

2.510 

Mean 

14,319 

10  Sept. 

2,240 

Standard  deviation 

8,956 

Mean 

3,169 

Standard  deviation 

546 

Table  5.  Precipitation  at  Sunflower  Army  Ammunition  Plant,  May  to  September  1975 


Date 

Amount 

Date 

Amount 

Date 

Amount 

inches 

inches 

inches 

8 May 

0 40 

.t  June 

0.44 

26  August 

1 70 

i:  May 

0 58 

4 June 

0.01 

28  August 

0.15 

2i  May 

1.27 

9 June 

1.05 

29  August 

0 95 

27  May 

0,60 

1 1 June 

0.82 

Monthly  total 

2,80 

28  May 

0.26 

1 7 June 

0.42 

Monthly  mean* 

3.93 

24  May 

1 76 

Monthly  total 

2.74 

5 September 

0 12 

-to  May 

0 42 

Monthly  mean* 

4 88 

1 1 September 

1 40 

Monthly  total 

5.29 

24  July 

0.35 

1 2 September 

0 18 

Monthly  mean* 

4.65 

Monthly  total 

0.35 

Monthly  total 

1.70** 

1 

1 

Monthly  mean* 

3.93 

Monthly  mean* 

4.32 

•39-year  mean  from  ref  27. 

••Based  on  first  12  days  of  September  1975. 


1.  Creeks. 

Summaries  of  water-quality  data  collected  during  the  May-to-June  survey  for  five  of 
the  creek  sampling  stations  are  presented  in  tables  A-1  to  A-5  in  appendix  A.  Tliese  data  were 
collected  during  a period  of  highly  variable  flow  as  a result  of  runoff  (table  5).  Tliis  condition  is 
reflected  in  the  high  and  variable  mean  total  residue  value  X = 1843.6  mg/1,  with  a standard 
deviation  of  785.3,  from  KC  1.  All  values  for  parameters  from  KC  1,  KC  2,  and  SPC  1 were  similar 
and  within  the  bounds  of  values  previously  reported  from  the  creeks.’  The  values  from  Captain 
Creek  arc  probably  within  normal  values  for  that  drainage,  although  no  comparable  data  are 
available. 


Comparing  values  between  KC  1 and  CC  1 (the  two  downstream  stations  for  the 
respective  drainages)  revealed  that  KCl  had  higher  mean  values  for  total  alkalinity  (198.5  versus 
87.5  mg/1),  total  hardness  ( 1 56.7  versus  113.8  mg/1),  and  conductivity  (419.1  versus  269.3 /iS/cm) 
between  the  two  drainages.  That  these  values  are  higher  appears  to  be  related  to  higher 
concentrations  of  dissolved  materials  and  the  greater  buffering  capacity  of  Kill  Creek. 

Water-quality  data  from  the  creeks  were  limited  to  KC  1 during  the  August-to- 
September  survey,  because  it  was  the  only  station  with  a flow.  The  flow  at  KC  1 was  sustained  by 
discharges  from  the  sewage  treatment  plant  and  the  south  acid  area  via  the  South  Tributary  and 
overflow  from  Pond  B via  the  North  Tributary.  Tlie  data  from  KC  1 are  shown  in  tables  A-6  and 
A-7  in  appendix  A.  Comparing  these  data  to  the  May-to-June  data  shows  that  alkalinity  and  residues 
decreased,  whereas  chloride,  hardness,  nitrate,  sulfate,  temperature,  and  conductivity  increased.  Tlie 
higher  water  temperature  and  lower  residues  were  related  to  higher  ambient  air  temperatures  and 
lower  runoff,  respectively.  Increased  chloride,  hardness,  sulfate,  and  conductivity  were  probably 
caused  by  discharges  from  the  south  acid  plant,  and  part  of  the  increased  nitrate  level  might  also  be 
attributable  to  the  sewage  treatment  plant. 

Plots  of  continuous  measurements  of  water  temperature,  conductivity,  pH,  and 
dissolved  oxygen  for  CC  1 during  the  August-to- September  survey  are  shown  in  figures  4 to  7.  Table 
6 is  a summary  of  the  data  presented  in  the  plots. 


TEMPEHATURE  1C) 


20  . • - ■ ) 

29  30  31  1 2 3 4 5 6 7 8 

AUGUST  SEPTEMBER 


Figure  4 Temperature  at  Kill  Creek  Station  1 , 29 
August  to  8 September  1975 


750  

29  30  31  1 2 3 4 5 6 7 8 

AUGUST  SEPTEMBER 

Figure  5.  Conductivity  at  Kill  Creek  Station  1 . 29 
August  to  8 September  1975 
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Figure  6.  pH  at  Kill  Creek  Station  I,  29  August  to  8 Figure  7 Dissolved  oxygen  at  Kill  Creek  Station  1.  29 
September  1975  August  to  8 September  1975 


Table  6.  Summary  of  Continuous  Monitoring  ot  Water  Quality  at  Kill 
Creek  Station  1,  29  August  to  8 September  1975 


Parameter 

No.  ot 
samples 

Mean 

Standard 

deviation 

Minimum 

Maximum 

Conductivity,  fjS/cm* 

625 

938.5 

49.69 

795.0 

1000.0 

Oxygen,  dissolved,  mg/1 

588 

7.84 

1.54 

5.4 

11.8 

pH 

623 

7.85 

18 

7.50 

8.30 

Temperature,  C 

619 

26.01 

2.73 

20.2 

32.2 

• 1 S • I ohm”  * “ 1 mho . 


") 


Kansas  River. 


Summaries  ol  waier-quality  data  collected  at  KR  2 during  the  May-to-June  and 
August-to- September  surveys  are  shown  in  tables  A-8  to  A-12  in  appendix  A.  The  values  obtained 
from  limited  sampling  during  the  May-to-June  survey  agree  well  with  those  previously  reported.  The 
same  is  true  for  data  from  the  second  survey,  except  the  data  for  turbidity  during  the  last  two 
samplings.  Tliere  were  significant  increases  in  alkalinity,  chloride,  hardness,  sulfate,  conductivity,  and 
water  temperature  between  the  two  survey  periods.  These  are  normal  and  are  probably  the  result  of 
ct’ mnes  in  *''<  v and  ambient  air  temperatures.  During  the  August-to-September  survey  there  was  a 
sigmtlcarT  decrease  in  nonfi/ferable  residue  and  turbidity  in  early  September  1975.  These  changes 
appe.''  to  be  the  result  of  decreased  How  (table  4). 

Plots  of  temperature,  conductivity,  pH,  and  dissolved  oxygen  measurements  for  KR  2 
during  the  second  survey  are  shown  in  figures  8 to  11.  Flow  for  the  Kansas  River  at  DeSoto,  Kansas 
(table  4),  is  also  shown  on  figure  9.  Table  7 is  a summary  of  the  data  presented  in  these  figures. 

Diurnal  fluctuation  in  water  temperature  (approximately  4°C)  was  similar  throughout 
the  study.  However,  there  was  a warming  trend  througli  3 September  after  which  temperatures 
declined  and  remained  stable  from  September  5 to  9.  Changes  in  water  temperatures  followed 
changes  in  daily  ambient  air  temperatures. 

Conductivity  and  fiow  (figure  9)  showed  an  inverse  relationship:  as  fiow  decreased 
conductivity  increased.  Flow  generally  decreased  through  5 September,  tnen  there  was  an  extremely 
rapid  increase  in  fiow,  followed  by  a decrease. 

Dissolved  oxygen  and  pH  showed  the  same  basic  pattern  (figures  10  and  1 1 1.  tnoderate 
values  with  restricted  diurnal  fluctuations  from  27-30  August,  the  increasing  values  with  higher 
diurnal  fluctuations  from  31  August  to  6 September,  when  both  parameters  declined  sharidy.  The 
increase  in  these  parameters  is  the  result  of  increased  primary  production,  probably  from  liie 
phytoplankton  community. 
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Figure  8.  Water  temperature  at  Kansas  River 
Station  2,  27  August  to  9 September  1975 


Figure  9.  Conductivity  and  flow  at  Kansas  River  Station  2,  27 
August  to  9 September  1975 
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FLOW  Ut^/f) 


AUGUST  SEPTEMBER 

Figure  10.  pH  at  Kansas  River  Station  2,  27  August  to  9 
September  1975 


Figure  1 1 . ITissolved  oxygen  at  Kansas  River  Station  2, 
27  August  to  9 September  1975 


Table  7.  Summary  ot  ('ontinuous  Monitoring  of  Water  (.Quality  at  Kansas 
River  Station  2,  27  August  to  9 SeptembsT  1975 


Parameter 

No.  of 
samples 

Mean 

Standard 

deviation 

Minimum 

Maximum 

Conductivity,  umbrs/cm^) 

l,2.t4 

896  4 

148.2 

565 

1 ,lb0 

Oxygen,  dissolved,  mg/1 

1,2.14 

8.56 

1.72 

6.5 

13.7 

pH 

1,234 

8.13 

.28 

7.74 

8.75 

Temperature,  C 

1,234 

26.1 1 

2.14 

22.1 

31  1 

B.  Biological. 

1 . CreeKs. 

a.  May-to-June  Survey. 

Tlie  distributions  and  abundances  of  macroinvertebrates  collected  with  the  IMBS  during 
the  May-to-June  survey  at  all  six  creek  stations  are  shown  in  tables  8 to  10.  A summary  of  these 
data  is  given  in  table  1 1.  Tliese  data  represent  the  total  of  five  replicate  samples  at  each  of  the  six 
stations.  Appendix  B contains  the  data  for  the  five  replicate  samples  at  each  station.  A total  of 
7,799  individuals  and  53  taxa  were  collected.  Tliirteen  taxa  comprised  9.S.37%of  all  the  individuals 
collected:  Cheumatopsyche  sp.  (38.56%).  Stenelmis  sp.  (29,66%).  Simulinm  sp.  (5.04%).  Polv- 
pedilum  sp.  (4.12%).  Isnnychia  sp.  (3.22%),  Oligochaeta  sp.  (2.94%),  Pcntaneura  sp.  (2.27%). 
Microtendipes  sp.  (2.01%  ),  Baetis  sp.  ( 1 .53%),  Physa  hawnii  (1.1 3%),  Caenis  sp.  ( 1 .04%),  Cricolopus 
sp.  (0.95%),  and  Stenonema  sp.  (0.90%). 
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Table  H.  Biological  Data  (Suiii  of  Five  Replicates)  From  Captain  Creek  Stations  1 and  2,  May  to 

June  l'J75 


Individuals  Individuals  per 
per  sample  s(|iiare  meter 


Abundance 


Relative  Absolute 


Abumiante 


Relative  Ahs<tlute 


1 

: 15 

Isiaiidut'  sp 

2 

4 ^\ 

sp 

1 

4 M 

-iihnpso-'  • sp 

1 

’ 15 

Raeris  vp 

4h 

0.^ 

Hrjnchiura  \ttwvrh\  i 

:i 

45  21 

( aer  t sp  ^ s 

( ‘ ► >p(>goniJuv  sp 

p 

bO 

■> 

4 51 

r sp 

0 

no 

Cht'umatopsvvht  sp. 

y?5 

jo^y  0.1 

Chironomui  sp 

1 

2 15 

Chrvsop^  sp 

0 

00 

Collemhola  sp 

0 

00 

(ortxtJae  sp 

4 51 

I'orvJalux  sp 

1 

2 15 

( orvneura  sp 

0 

00 

Cncotopus  sp 

U 

14  3K 

ptinhtronomus  sp 

ft  4^ 

PnrotvnJipvs  sp 

h 

12  02 

Puhtruphia  sp 

1 : 

2^  b.l 

A uku’dt  ru-Hu  sp 

0 

00 

f yrrnud  ktrklanJi 

1 

2,15 

<il\ p!->tt  nJipv\  sp 

0 

00 

Hi-rruptfriJ  unk 

1 

2 l< 

IfintJinca  unk 

()  4 b 

lhallclj 

•) 

4 5| 

f{\  Jr>fphtlu\  sp 

0 

no 

fh  Jrnpitlu  %p 

V 

14  \H 

Ixchnurj  sp 

0 

00 

h>'nvchiu  sp 

i(H 

221  '4 

/ m rui  sp 

0 

00 

/ 1 mnjnj  sp 

0 

no 

^f/rnffrn/Jjpr^  sp 

0 

14 

sp 

1 

2 I 

Ohgochaftf  sp 

IK 

5K  7 5 

Varachtrnnomu^  sp 

0 

00 

f't’nlunrurj  sp 

) t 

fU’ru'oma  sp 

0 

00 

PerteUa  planJa 

4 5| 

f‘hvia  havsnii 

H 

17  22 

Ptecoptcra  unk 

I 

2 15 

Polvpedilum  sp 

45 

4b  HX 

lyoiladtui  sp 

0 

00 

Pu'ciro(  ladiu\  sp 

0 

00 

P%eudo(  hirontfrnus  sp 

14 

50  14 

Hheotun  vtarsus  sp. 

(> 

1 2 ‘>2 

SimuUunr  sp 

:u 

4.1  Ob 

Sphavrium  sp 

71  04 

Sii  nt’hms  sp 

42H 

70(.  14 

Slcnonvmu  sp 

22 

47 

Strn  lochirt)nornus  sp 

b 

1 2 42 

Ians  tarsus  sp 

1 

2 1 5 

Tricorx  ihodes  sp. 

14  ,1K 

2' 


hiblo  Hiolotnciil  l);ila  (Sum  of  F'ive  Replicates)  f-’rom  Captain  Cieck  Station  3 am)  Kill  Creek 

Station  1,  May  to  June  1975 


Indiv  idlijK 
por  sjmpU* 


Indivuliuls  per 
M|uare  meter 


Abundance 


Individuals 
per  sample 


Individuals  per 
square  meter 


Abundance 


■\rgid  tn>U'sfa 
t stuculuf  sp 
I thvrix  sp 
\ihrif's  >Jfs  sp 

H,ji  u\  sp 

h'afu  hiura  iov^t  rh\  i 

1 dt'nis  sp 

t i fuiopi'g  fniijdt  sp 
Cha>*h>»rus  sp 
i tu  umatnpu  tht  sp 
( htr(tn<>mui  sp 
( hrt  u»pi  sp 
(\>//emho/u  sp 
( sp 
C'»^»  i/j/u.f  sp 
( ‘oM  n<  u'u  sp 
( nco/tfpus  sp 
C ffrochiriinofrtui  sp 
Du  rotcnJtpfi  sp 
'hij  sp 

/ uku  Ufru’ilii  sp 
/ I ffnuu  kirkijrui; 

• •!i  /*r' » sp 
//«  /niflt  rj  unk 
f/ifuJint  u unk 
H\ jilt  la  a:it-ia 
U\  Jrof'htlut  sp 
H\  ilr.kptila  sp 
/'(  hnufj  sp 


I » mnat  a sp 
\fn  r/tft  njif'fi  sp 
I \tifpt  ria  sp 
Oligtu  hat'fa  sp 
/‘jrji  hifiinn/nus  sp 
/'•  niunt  ura  sp 
f\-rmmia  sp 
/‘irifslj  pluuJj 
/‘h  \ \u  havt  nil 
I Plriopii  ra  uni' 

I h>lvpt  dilum  sp 
j h-nlaJius  sp 
I hvflr'H  laJiUi  sp 
I f'u  uJmhironftmui  sp 
I khfolamtiinus  sp 
Simulium  sp 
Sphavftum  sp 
S/cnrlmn  sp 
I Stvrufnvma  sp 
' Sim  ituhironnmus  sp 
/anyfarrui  sp 
Vncorvihndei  sp 


Table  10.  Biological  Data  (Sum  ot  F-ive  Replicates)  From  Kill  Creek  Station  2 and  Spoon  ( reek 

Station  1,  May  to  June  1975 


Taxon 

KC  : 

M*C  1 

Individuals 
per  sample 

Individuals  per 
square  meter 

Abundance 

Individ  uals 
per  sample 

individuals  per 
square  meter 

Abundance  j 

Relative 

Absolute 

Relative 

Absolute 

1 fgiu  nuiesiu 

0 

0 00 

0 00 

0 00 

1 

2 15 

0 10 

25  00 

1 sp 

:o 

4}  Ob 

44 

f>6  h? 

I 

2 15 

10 

3,33 

' ’M  sp 

0 

00 

00 

00 

I 

2 15 

10 

1 4 24 

' ■ 'tni’soti'  ■ sp 

0 

00 

00 

00 

0 

00 

00 

00 

1 Hjftis  sp 

I : 

H-1 

57 

10  08 

2 

4.11 

14 

1 68 

1 Hrur  l.rj 

0 

00 

00 

00 

0 

00 

00 

00  1 

1 < 'p 

1 1 

24  bH 

52 

I 3 58 

■ 

1 5.07 

67 

8 P4 

1 < < a sp 

I 

2 

05 

lh.h7 

1 

2 15 

10 

16  67  ' 

( f n>trus  sp 

l.i 

27 

bl 

54  17 

4 

14.38 

87 

37  50  ' 

( ihf  sp 

hXK 

14K1  Ih 

tj  50 

22  88 

274 

600  65 

26  85 

9 28  1 

Chir  -nttmui  sp 

I 

: 15 

05 

20  00 

0 

00 

00 

00 

1 hf\  sp 

0 

00 

00 

00 

H 

27  44 

1 25 

68  42 

( ■ ■//<  j sp 

0 

00 

00 

00 

0 

00 

00 

00 

( -n  xiJjt  sp 

0 

00 

00 

00 

0 

00 

00 

00 

( .ijlui  sp 

0 

00 

00 

00 

0 

00 

00 

00  : 

( neura  sp 

I 

: 15 

05 

1 00  00 

0 

00 

00 

00  ' 

1 ( 'n  sp 

2h 

55  07 

1 M 

35  14 

27 

58  1 3 

2 60 

36  44  1 

! ( * i pf«»i  y 1 

II 

23  fiH 

5: 

57  84 

1 

2 15 

10 

5 26 

' Iht  r )f*n  J/pr  1 sp 

X 

h 46 

14 

4 38 

20 

45  06 

1 42 

62  50 

I 

: 15 

05 

: 50 

0 

on 

00 

00 

/ u4  • r sp 

0 

00 

00 

00 

0 

00 

00 

00  ' 

/ . 'riuu  * 

0 

00 

00 

00 

0 

00 

00 

00  ' 

( /»/»  nA  . 1 »p 

0 

00 

00 

00 

0 

00 

00 

00 

j //<  • 

f 

00 

00 

00 

0 

00 

00 

00  ' 

f>  4(> 

14 

I 3 f.4 

I 

2 15 

10 

4 

1 H\ulUij  tizft  < J 

4 

O') 

10  5 3 

0 

00 

00 

00  j 

! //i  Jr  pfhilu\  sp 

> 

; 15 

05 

50  00 

1 

2 15 

10 

50  on  1 

//»  Jr.tptth  sp 

4 

h b I 

i<) 

:<  00 

0 

00 

00 

00  1 

/*(  hnum  sp 

0 

00 

00 

00 

0 

00 

(K) 

00 

h>>n\  1 htu  sp 

S 

to  7/, 

24 

1 ')>) 

0 

00 

00 

00  1 

• in  t-rui  sp 

I 

2 IS 

05 

Mil 

4 

8 Pi 

38 

44  44 

1 / » tntiot'u  sp 

ti 

1 2 

:x 

85  -'1 

0 

00 

00 

tH) 

Murntt  nJifH-%  sp 

U>^  t)2 

t 50 

48  41 

7 

15  0" 

p** 

4 4P 

1 Scoperlu  sp 

0 

00 

00 

00 

0 

00 

00 

00 

1 O/ig.H  hut  la  sp 

0 

00 

00 

00 

4^ 

tot  18 

4 >: 

20 

f‘urtjchir'fnoniu’1  sp 

I 

; 15 

05 

h f>7 

t 

P 4p 

24 

20  00 

f^entant  uru  sp 

22 

47 

1 04 

12  4 1 

tH 

81  81 

3 PP 

21  4' 

l\  ru'omu  sp 

0 

00 

00 

00 

0 

00 

00 

00 

h’flt'Ua  ptauJa 

2 

4 31 

OV 

28  57 

0 

00 

00 

00 

Ph  > jtf  havKHii 

1 1 

27  <)<> 

()l 

14  ^7 

4 t 

42  5-* 

4 14 

48  86 

Plf(  oplt'ra  unk 

0 

00 

00 

00 

0 

00 

00 

00 

Poh  pedilum  sp 

62 

max 

2 43 

1')  II 

10) 

21  7 44 

4 72 

31  46  ( 

f*roiiaUius  sp 

2 

4 .11 

04 

HU 

() 

12  42 

58 

40  00  1 

Piectrocladius  sp 

0 

00 

00 

00 

0 

00 

00 

00  1 

Fsfudochirorwmui  sp 

0 

00 

00 

00 

4 

8 61 

38 

14  29 

Hheotanytaiius  sp 

0 

00 

00 

00 

:::! 

47.. 16 

2 12 

54  46 

Stmulium  sp 

I.I 

27  VO 

hi 

.1 .11 

276 

544  14 

2h  56 

70  21 

Spharnum  sp 

4 

10  .18 

4^ 

18  17 

0 

00 

00 

00 

Slenrimis  sp 

lovi 

;i5.I  07 

51  6.1 

47  25 

I 14 

256  14 

1 1 45 

5 14 

Slenontma  sp 

1 1 

23 

52 

15  71 

0 

00 

00 

00 

Strui(Khtnfnomu\  sp 

3 

b 4h 

14 

1 1 54 

5 

10  76 

48 

14  23 

1anvtanu\  sp 

0 

00 

00 

00 

0 

00 

00 

00 

Tuittn  lhodet  sp 

0 

00 

00 

00 

0 

00 

00 

00 

T)ie  relative  abundances  of  the  13  most  common  taxa  collected  at  the  creek  stations 
are  shown  in  table  12.  Cheumatop.iyche  sp.  was  the  most  abundant  taxon  at  fourtCT  l.CC  2,  C’C 
3,  and  SP('  I)  of  the  six  stations,  and  StencInUs  sp  was  most  abundant  at  the  other  two  stations 
(KC  1 and  KC  2). 
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l.ihle  1 I . Summary  ol  Biological  Data  I'rom  tlic  Six  ( reck  Stations,  May 

to  June  1 975 


— 

Station 

Species 

present 

Total 
no.  of 
individuals 

Species 

diversity 

Redundancy 

Mean 

Standard 

deviation 

Mean 

Standard 

deviation 

Captain  ('reel;: 

HI 

(■(■  ) 

.19 

1770 

2.68 

0.74 

0 21 

CC  2 

26 

1448 

2.12 

.16 

Bl 

.06 

CT  .1 

.11 

717 

2.61 

.17 

.14 

10 

Kill  Cree); 

KC  1 

11 

708 

2.70 

.18 

.11 

11 

KC  2 

11 

2117 

2.05 

.17 

51 

,07 

•Spoon  C re  etc  SPC  1 

27 

1019 

2.71 

.71 

.10 

.11 

rtie  absolute  abundances  (percent  of  individuals  of  a particular  taxon  at  each  station) 
for  the  numerically  dominant  taxa  are  sh.own  in  table  13.  Most  of  the  mayflies  Isnnu  fiia  sp 
(93.04'V),  Buctis  sp.  (71.43%).  Cacnis  sp.  (56.79%),  and  Stenonema  s\i.  n5.127c)  occurt^u  at  ('('  1 
and  (■(■  2.  Most  of  the  Oligocliacta  sp.  (62.45%)  occurred  at  KC  1,  which  also  had  a high  number  of 
\Ucrolendipfs  sp.  ( 36,3  1 % ). 

S1*C  1 had  the  highest  number  o\'  Simulium  sp.  (70.23%),  Pulvpedilium  s|v  (31  46%i. 
I‘li\sa  huwnii  (4H.H6%).  and  Cricotopus  sp.  (36.49%).  Stcnclmis  sp.  (47.25%)  was  highest  at  KC  2 
and  Clu'umato[)sychc  sp.  and  Pcnluncura  sp.  were  highest  at  KC  1. 


lable  12.  Relative  Abundance  of  the  13  Most  Abundant  Taxa  at  the  Six  Creek  Stations.  May  to 

June  1975 


laxon 

■ 

CC  1 

CC  2 

CC  1 

KC  1 

KC  2 

Sl’C  1 j 

RA 

Ranlv 

RA 

Rank 

RA 

Rank 

RA 

Rank 

Rank 

% 

B 

1 

% 

% 

% 

% 

Hat’lis  sp. 

2.60 

4 

5 

1.12 

1,69 

7 

.57 

9 

19 

■ I ! 

Cactus  sp. 

.96 

10 

8 

1.95 

7 

.42 

1 1 

.52 

10.5 

.67 

10 

Chcumatopsychc  sp. 

55.08 

1 

45.91 

1 

47.84 

1 

8.05 

1.5 

12.5 

26.85 

1 

( ricolopus  sp. 

.51 

1 1,5 

0 

12.5 

70 

12.5 

.99 

8.5 

1 .21 

5 

■jgjl 

8 

Isonychia  sp. 

5.82 

1 

8.84 

1 

1.81 

8 

.28 

12 

.24 

12 

0 

12,5 

MicrolcntJipes  sp. 

.5  1 

1 1.5 

0 

12.5 

1.12 

9.11 

8.05 

1.5 

1.59 

1 

.67 

Ohxochcata  sp. 

1.02 

9 

,90 

1.0 

1.12 

9.11 

20.20 

•> 

0 

11 

4.52 

6 

Pcritancura  sp. 

1,51 

6 

2 49 

6 

2.65 

5 

4.94 

6 

1 .04 

6 

1.66 

7 

f’hvsa  hawrui 

.45 

11 

.07 

1 1 

2.21 

6 

.99 

8.5 

.61 

7.5 

4.14 

5 

f’olvpedilum  sp. 

2.54 

5 

1.66 

9 

5.10 

1 

7.20 

5 

2.91 

4 

|UM 

4 

Simulium  sp. 

1.11 

8 

1.59 

4 

1.91 

4 

.56 

10 

61 

bH 

•» 

Stcnelmis  sp. 

18.51 

2 

26.80 

2 

18.55 

2 

15.59 

1 

51.61 

won 

1 

Stenonema  sp. 

1,24 

7 

2.14 

7 

.70 

12.5 

.14 

11 

.52 

■UM 

12.5 

Notes; 

KA  « relative  abundance. 

Rank  is  taxon  rank  within  the  station. 
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I.iblo  13.  Absolute  Abutulancc  of  the  13  Most  Abmulant  laxa  at  the  Six  ( reek  Stations,  May  to 

June  IW75 


taxon 

( (■  1 

C( 

( f 

1 

K(  1 

k( 

1 

SPC  1 

RA 

Rank. 

RA 

Rank 

RA 

Rank 

RA 

Rank 

RA 

Rank 

RA 

Rank 

% 

% 

% 

% 

% 

7i 

Haft  IS  sp. 

32.77 

4 

6.72 

9 

10.08 

6 

10.08 

16 

1 .68 

1 1 

( ■crtM  sp. 

20.4*) 

35.80 

3 

17.28 

2 

3.70 

9 

13.58 

8 

8 64 

8 

' umatoi'’’  fhf  sp. 

.12. a: 

3 

22.12 

5 

1 1.41 

4 

1 90 

10 

22.88 

4 

9.28 

7 

1 ' >.foti>r<  sp. 

12.16 

9 

0 

12.5 

h.Jt> 

8 

9 46 

7 

35  14 

3 

36  49 

3 

honvfhia  sp 

41.04 

1 

5 1 .00 

1 

5.18 

1 1 

80 

13 

1 99 

12 

0 

12.5 

Ml  ’■  ifnJi(ifs  sp. 

.S.7.1 

12 

0 

12.5 

5.10 

12 

36.31 

2 

48.41 

1 

4 46 

10 

Oiiei'  hfuta  sp 

7.86 

II 

5.68 

10 

3.49 

13 

62.45 

1 

0 

13 

20.52 

0 

/’«7  ^ncura  sp. 

15.25 

b 

20.34 

6 

10.73 

5 

19.77 

3 

12.43 

9 

21  47 

5 

/’>nsa  hjHrw 

9.09 

10 

1.14 

1 i 

18.18 

1 

7.95 

« 

14  77 

7 

48  86 

2 

Polypedilum  sp. 

14.02 

8 

7.48 

9 

1 1.84 

3 

15.89 

■■ 

19,31 

5 

3 1 46 

4 

Simulium  sp. 

5.09 

13 

13.23 

8 

7.12 

■■ 

1.02 

n 

3.31 

1 1 

70  23 

1 

Stenelmu  sp. 

14.18 

7 

16.77 

7 

5.75 

10.89 

5 

47.25 

T 

5.14 

9 

Slenonema  sp. 

31.43 

4 

44.29 

2 

7.14 

Kfl 

1.43 

1 1 

15.71 

6 

0 

12.5 

ANOVA  of  the  mean  number  of  taxa  for  stations  gave  F (5,  24)  = 2.62  when  a = 
0.05.  Tlierefore  the  null  hypothesis  eannot  be  rejeeteci;  that  is,  there  is  no  statistieally  significant 
difference  between  the  mean  number  of  taxa  at  the  six  creek  stations.  ANOVA  of  mean  total 
number  of  individuals  of  the  13  most  abundant  taxa  for  stations  gave  F(5,  72 1 = 182.  The  null 
hypothesis  was  rejected  for  the  mean  number  of  individuals. 


Mean  species  diversities  and  redundancies  for  each  station  are  shown  in  table  1 I.  KC  2 
had  the  lowest  mean  diversity  (2.05)  and  highest  mean  redundancy  (0.51)  because  of  the 
dominance  of  Stcnelmis  sp.  The  remaining  mean  diversities  for  the  creeks  ranged  from  2.32  to  2.70. 
ANOV'A  of  mean  diversity  gave  an  /'(5.  24)  = 1 47.  here  again  the  null  hypothesis  could  not  he 
rejected. 


Thus,  rigid  statistical  techniciues  (ANOVA)  slurwed  that  there  were  no  statistical 
differences  between  the  six  creek  stations  based  on  the  mean  number  of  taxa,  mean  total  number  of 
individuals,  and  mean  diversity.  However,  because  there  were  no  statistical  differences  between 
stations  does  not  necessarily  mean  that  there  were  no  biological  differences. 


Tlierefore,  similarity  between  stations  was  examined  by  calculating  the  index  of  biotic 
similarity  H from  the  occurrence  and  abundance  of  the  10  taxa  that  had  significant  distributions, 
those  for  which  /'jj  |,j(5,  24)  was  exceeded  (table  14),  and  also  by  calculation  of  rank  correlation 
coefficients  for  the  absolute  abundance  of  the  numencally  dominant  taxa  at  the  six  creek  stations 
(table  15).  CC  1 and  ('('  2 had  the  only  significant  positive  rank  correlation  (r^  = 0 845),  whereas, 
SPC  1 versus  CC  I and  (T  2 had  the  highest  significant  negative  rank  correlations  (-0.661  and 
-0.629,  respectively).  KC  1 versus  CC  2 also  showed  a significant  negative  rank-correlation  [r^  = 
-0.578).  Higli  positive  rank-correlation  coefficients  indicate  a high  degree  of  similarity,  and  negative 
rank-correlation  coefficients,  high  in  absolute  value,  indicate  a low  degree  of  similarity.  Rank 
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F;ihlc  14.  Matrix  of  Biotic  Similarity  Values  H 
Bctwcc'ii  Creek  Stations,  May  to  June  075 


CC  1 

CC  2 

CC  3 

KC  1 

KC  2 

SPC  1 

C(  1 

1.000 

0.571 

0.466 

0.269 

0.385 

0.252 

CC  2 

.571 

1.000 

.303 

.150 

.273 

.151 

CC 

.466 

.303 

1.000 

.271 

429 

.398 

KC  1 

26‘» 

.150 

.271 

1.000 

.367 

.190 

KC  2 

.385 

.273 

.429 

.367 

1.000 

.176 

SPC  1 

.252 

.151 

398 

.190 

.176 

1 .000 

Fable  15.  Matrix  of  Rank  Correlation  Coet'ficients  r Between 

S 

Stations  Based  on  Species  Ranks  Served  From  Tlieir 
Absolute  Abundances 


CC  1 

CC  2 

CC  3 

KC  1 

KC  2 

SPC  1 

CC  1 

1.000 

0.845* 

0.151 

0.407 

-0.143 

-0.661* 

CC  2 

.845* 

1.000 

.122 

-.578** 

-.389 

-.629»* 

CC  3 

.151 

.122 

1.000 

-.385 

.121 

.422 

KC  1 

.407 

-.578** 

-.385 

1.000 

.209 

.122 

KC  2 

-.143 

-.389 

.121 

.209 

1 000 

-.026 

SPC  1 

-.661  * 

-.629** 

.422 

.122 

-.026 

1.000 

•tlijitily  .siynilKanl, 
••Sijinificaiit. 


correlations  are  signiUcant  when  IrJ  = 0.521  and  are  highly  signilicant  when  IrJ  = 0.bX5. 
Fxamination  of  the  absolute  abundances  (table  13)  will  show  which  taxa  distributions  are 
responsible  for  similarity  or  dissimilarity.  For  example,  most  of  the  maytlies  were  collected  Irom 
( ('  1 and  CC  2 causing  them  to  be  similar  to  one  another  but  different  from  the  remaining  stations. 

The  matrix  of  biotic  similarity  values  (table  14)  again  showed  CC  I and  Cf'  2 to  liave 
the  higliest  similarity  Hi  = 0.571).  Subsequent  cluster  analysis  of  those  values  resulted  in  the 
dendrogram  in  figure  12.  Tliis  shows  that  SPC  I and  KC  1 are  distinguishable  through  the 
distribution  and  abundance  of  taxa  from  CC  3,  KC  2.  CC  I.  and  CC  2.  which  were  all  relatively 
similar  to  each  other  (H  = 0.36).  The  differences  of  KC  I and  SPC  1 are  the  result  of  the 
distribution  of  Chcumutopsyche  sp.,  Oligoi  haeta  sp.,  and  Microtendipes  sp.  at  KC  1 and  Sinudtum 
sp.,  Pfivsa  hawnii,  Cricotopus  sp.,  and  Oligoc  hacta  sp.  at  SPC  1 . 

SJMII  AHH  V fjOJ  F t M 

10  09  08  O;  Ob  Ob  04  03  0?  01  00 

I 1 1 1 1 1 1 1 1 1 1 

CAPTAIN  tW»fK  \ . 

Kill  CHIfK  ? I 

Figure  12.  liendogram  of  Creek  Sta 
lions  Based  on  the  Index  of 
Biotic  Sinulanty,  May  to 
June  l<>7S(r^.,  = 0.78) 
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Kill  CHIIK  I 


SPOON  CHM  K I 


lahlc  l().  Hiolojrical  Data  f rom  Kill  ( reck  Station  I,  September  l‘f75 


taxon 

Number  observed  by 
replicate 

TotaJ 

-1 

Relative 

abundance 

1 

1 

3 

4 

5 

, \rKta  moi'nla 

4 

7 

6 

4 

4 

25 

% 

2.48 

■Xstaciildr  sp. 

1 

1 

1 

4 

10 

1 14 

' Brjnchiura  sp. 

1 

3 

0 

0 

0 

4 

.48 

Brar,  liiu'a  sowfrhvi 

0 

0 

2 

0 

0 

.24 

' ji'ntx  sp. 

1 

3 

13 

0 

7 

24 

2.86 

1 ( hnimulopsythc  sp. 

15 

3 

1 

20 

1 

■I 

4,77 

1 , iirvJalus  sp. 

0 

0 

1 

0 

0 

.12 

Crvplochironomus  sp. 

0 

0 

1 

0 

0 

■1 

.12 

Haniischia  sp. 

0 

0 

2 

0 

0 

mm 

.24 

HiruJmca  sp. 

0 

0 

0 

1 

0 

■I 

.12 

t.  vmnaea  sp. 

0 

1 

1 

1 

1 

mM 

.48 

.Microiendipes  sp. 

3 

2 

0 

3 

2 

1.19 

Oligochaeia  sp. 

0 

0 

3 

0 

3 

6 

.72 

I'entaneura  sp. 

4 

1 

1 

2 

1 

9 

1.07 

Polypedilum  sp. 

5 

0 

0 

2 

2 

1.01 

Rheotanvtarsts  sp. 

0 

1 

2 

0 

1 

48 

Stenelmis  sp. 

85 

153 

60 

272 

73 

76.73 

Stenonema  sp. 

i: 

3 

15 

3 

10 

5.13 

Total  number  of  individuals  per  replicate 

133 

178 

104 

309 



104 

838 



- 

b.  Augusf-to-September  Survey. 

Dunng  the  August-to- September  survey  only  KC  1 had  llowing  water.  Therefore,  it  was 
the  only  station  sampled.  The  abundance  and  diversity  of  macromvertebrates  collected  at  KC  1 are 
shown  in  tables  16  and  17.  A total  of  838  individuals  from  18  taxa  were  collected.  Slenelmus  sp. 
accounted  for  l(y.l2>7f  of  the  total  number  of  individuals. 

Mean  species  diversity  (t/  = 1.59)  lor  the  August-to-September  survey  was  lower  than 
for  the  May-to-June  survey  {d  = 2.10)  becau.se  of  the  numerical  dominance  of  Stenelmis  sp.  and  the 
fewer  taxa  collected. 


Table  17.  Number  of  Individuals,  Number  of  Observed 
Taxa,  Species  Diversity,  and  Redundancy  f'rom  Bio- 
logical Data  From  Kill  ( reek  Station  1,  September 
1975 


Replicate 

No.  of 
individuals 
per  replicate 

No.  of 
taxa 

observed 

Species 

diversity 

Redundancy 

1 

133 

10 

1.92 

0.42 

2 

178 

1 1 

I.OI 

.71 

3 

109 

14 

2.30 

.40 

4 

309 

10 

.80 

.76 

5 

109 

12 

1.91 

.47 

Average 

168 

- 

1.91 

.55 

30 


Kansas  River. 


a.  May-to-Jiine  Survey 

I'tie  dislrihutions  and  abundances  ol  inacroinvertebrates  collected  with  the  basket 
samplers  exposed  tor  30  days  in  the  Kansas  River  are  shown  in  table  IX.  Because  of  the  tremendous 
biomass  that  had  accumulated  during  the  30-day  incubation  period  less  than  half  of  each  sample 
was  sorfed.  identified,  and  enumerated.  A total  of  8,159  individuals  from  2b  taxa  were  identified 
Sixteen  taxa  comprised  99.45'^'?  of  the  total  number  of  individuals  identified.  Hydmpsvihe  nrri\ 
(4I  .75T).  fl\  clropsyche  frisoni  (I2.989fl,  Polvpeditum  sp.  (9.39'^),  Cheumalopsvche  sp. 
RInotunvtarsus  sp.  n.l57r).  Potamyia  jlava  (6.42%),  Ilydropsychc  spp.  (immature)  ( 2.8 1%  ),  Cucnis 
sp  ( 2.98'V' ).  Isonvchia  sp.  ( 1 .54%),  liaclis  sp.  ( 1 .08%),  Pcrlcsta  placida  ( 1 .05% ).  DUrnlcndi/>cs  sp. 
<r'00%),  Pcntancura  sp.  (0.97%),  Su’noncma  sp.  (0.71%),  .S’/enc/wiv  spp.  (0.65%).  and  (ihptn- 
tcndipcs  sp.  (0.58% ). 


Table  18.  Biological  Data  From  Kansas  River  Stations,  May  to  June  1975 


Taxon 

KR  1 

KR  2 

No.  observed 
by  replicate 

Total 

RA 

■ j 

No.  observed 
by  replicate 

Total 

RA 

B 

2 

B 

B 

B 

3 

B 

7r 

Haem  angulalus* 

HI 

3 

8 

20 

.54 

14 

29 

25 

68 

1.53 

( aems  sp. 

5 

27 

44 

1.18 

75 

112 

12 

199 

4 49 

Ci'ratopogonidae  sp. 

0 

0 

0 

0 

.00 

0 

1 

0 

1 

02 

Chfutf  itopsycne  sp. 

102 

89 

1 14 

305 

8.19 

131 

I 10 

90 

331 

7 46 

Chironomui  sp. 

1 

3 

2 

6 

.16 

15 

0 

17 

.36 

( DryJalus  sp. 

0 

0 

0 

0 

.00 

0 

0 

1 

1 

.02 

Cricolopuf  sp. 

1 

0 

0 

1 

.03 

0 

1 

0 

1 

.02 

DicroiftiJipes  sp 

9 

5 

27 

41 

1.10 

13 

27 

0 

40 

90 

(ilyptotendiprs  sp 

S 

1 

3 

9 

.24 

12 

16 

10 

38 

86  1 

Hyalh’la  aztcca 

0 

0 

0 

0 

.00 

0 

0 

1 

1 

02 

/Ivdropsyche  spp.  (immature) 

31 

26 

56 

113 

3.04 

48 

47 

21 

116 

2.61  * 

Ilvdropsyche  /nsoni 

138 

102 

285 

525 

14.1  1 

223 

214 

97 

534 

12  04 

//ydropsvclif  orris 

718 

434 

543 

1695 

45.54 

816 

603 

292 

1711 

38.56 

Isonvchia  sp. 

19 

7 

19 

45 

1 .21 

31 

49 

1 

81 

1.83 

Seurcciipsis  sp. 

0 

0 

0 

0 

.00 

1 

0 

0 

1 

02 

Oligocheatc  sp. 

0 

2 

0 

■y 

.05 

0 

0 

0 

0 

00 

I'cmaneura  sp. 

2 

3 

20 

25 

.67 

19 

22 

13 

54 

1.22 

f'erlesla  placida 

0 

0 

2 

2 

.05 

39 

38 

7 

84 

1.89 

Polvpeditum  sp. 

128 

28 

149 

305 

8.19 

151 

214 

96 

461 

10.39 

Polvpeditum  illinsense 

0 

2 

0 

2 

.05 

0 

0 

0 

0 

.00 

Potamvia  jlava 

121 

27 

113 

281 

7.55 

126 

108 

9 

243 

5.48 

Pseclroctadius  sp. 

0 

1 

0 

1 

03 

0 

0 

0 

0 

Rheotanvtarsus  sp. 

115 

54 

98 

267 

7.17 

109 

1 2Q 

127 

365 

8.23 

Stenelmis  spp 

6 

2 

5 

13 

.35 

24 

13 

3 

40 

90 

Stenonema  sp. 

1 

10 

9 

20 

.54 

14 

19 

5 

38 

86 

Tricorythodes  sp. 

0 

0 

0 

0 

00 

0 

12 

0 

12 

.27 

Total  number  of  individuals 

1418 

804 

1500 

- 

1848 

1779 

810 



'Identity  uncertain 
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lablo  Nmnbcr  of  liuiivitluals.  Number  of  Observed  Taxa,  Species  Diversity,  and  Redundancy 
I rom  Hiolofiical  Data  Krom  Kansas  River  Stations,  May  to  June 


Replicate 

— 

KK  1 

KK  2 

No.  of 
inJividuals 

No.  of 
taxa 

observed 

Species 

diversity 

Redundancy 

No.  of 
individuals 

No.  of 
taxa 

observed 

Species 

diversity 

Redundancy 

1 

1418 

17 

2.46 

0.40 

1848 

18 

2.87 

0.31 

804 

Id 

2. .17 

44 

1774 

20 

3.25 

.25 

1500 

17 

2.87 

.30 

810 

17 

2.83 

.31 

Average 

1240.7 

17.64 

2.57 

.38 

1479.0 

18.33 

2.98 

.29 

The  relative  abundances  of  ail  taxa  at  both  stations  are  also  shown  in  table  IH. 
Hydropsyche  orris  was  tfie  numericaliy  dominant  species  at  both  stations.  Hydropsyche  spp.  (all 
species)  comprised  bl.lWr  and  53.21%  of  the  total  number  of  individuals  at  KR  1 and  KR  2, 
respectively.  Table  19  shows  species  diversity  and  redundancy  for  the  stations. 

Analysis  of  variance  of  mean  number  of  taxa,  mean  number  of  individuals,  and  mean 
diversity  between  KR  1 and  KR  2 showed  that  the  stations  were  not  significantly  different;  i.e., 
0 5 ^ I ' ~ '^3s  not  exceeded. 

■Similarity  between  the  two  river  stations  was  further  examined  by  calculation  of 
Spearman's  rank-correlation  coefficient  and  the  index  of  biotic  similarity  for  the  16  nurnericalh 
dominant  taxa.  Spearman’s  index  (r^  = 0.93)  and  the  index  of  biotic  similarity  [li  - 0.61)  both 
indicate  a high  degree  of  similarity.  The  similarity  within  each  station  (between  replicates  of  the 
same  station)  at  KR  1 and  KR  2 again  indicated  high  biotic  similarity  between  the  river  stations. 
Tlie  average  similarity  B is  0.51  at  KR  1,  and  B is  0.53  at  KR  2.  The.se  values  are  lower  than  the 
between-station  similarity. 

b.  August-to-September  Survey. 

Because  analysis  of  the  May-to-June  survey  data  from  the  Kansas  River  showed  that 
the  two  stations  were  not  significantly  different,  KR  1,  which  was  downstream  of  the  river  access 
point,  was  not  sampled  during  the  August-to-September  survey.  Table  20  shows  the  data  from  six 
replicate  samples  taken  at  KR  2 from  basket  .samplers  exposed  for  15  days.  Table  21  shows  the 
species  diversity  and  redundancy  for  these  samples.  Rheotany tarsus  sp.  was  not  qualitatively 
analyzed  because  of  the  great  abundance  (over  500  individuals  in  each  replicate)  of  its  early  instars, 
which  were  too  small  to  be  retained  by  the  sieve  mesh.  A total  of  3,  064  individuals  from  20  taxa 
were  collected.  Fight  taxa  constituted  9S,39%  of  the  total  number  of  individuals  collected: 
Hydropsyche  orris  (30.68%),  Hydropsyche  frisoni  (21.70%),  Botamyia  flava  (16.45%'),  Baetis 
cingulatus  (14.20%),  Hydropsychc  spp.  (immature)  (7.44%),  Polypedilum  sp.  (3.39%),  Stenonema 
sp.  (2.87%),  and  Simulium  sp.  (1.66%).  Hydropsyche  orris  was  again  the  most  abundant  taxon,  all 
species  and  immatures  of  Hydropsyche  spp.  comprised  59.82%  of  the  individuals  identified.  Fewer 
taxa  (an  average  of  1 1.33  versus  the  earlier  value  of  18.33)  and  a lower  mean  diversity  d (2.59  vs. 
2.98)  occurred  at  KR  2 during  the  August-to-September  survey  as  compared  with  the  earlier  survey. 


l.ililo  2Q.  Hiological  Data  f rom  Kansas  River  Station  I.  August  to  Septernher  1‘>75‘‘ 


Taxon 

KK  2 

Total 

— 

R A 

No  observed  by  replicate 

1 

2 

1 

a 

a 

D 

■tcrom  nna  spp.** 

0 

1 

0 

0 

0 

2 

.07 

•Ir.en;  mocsiu 

0 

1 

0 

0 

0 

1 

01 

Hacti.t  angitlatus'^ 

51 

70 

97 

109 

61 

415 

14  20 

Cacnis  sp 

0 

12 

0 

0 

0 

14 

.46 

thdropsvchc  spp.  (immaturcl 

.16 

11 

50 

51 

17 

228 

7.44 

llvdropsyche  frtsom 

85 

71 

121 

111 

161 

665 

21.70 

H\  Jrop^vche  orris 

10.5 

01 

190 

no 

221 

10  68 

Isonvchia  sp 

0 

0 

5 

HH 

0 

-) 

10 

11 

Mat  atrichia  sp. 

0 

0 

1 

0 

1 

10 

Mcopcria  sp. 

0 

B 

0 

0 

0 

1 

10 

\copcrla  clymcnc 

0 

0 

1 

0 

0 

0 

1 

10 

Oxvcihtra  sp. 

0 

0 

1 

0 

0 

0 

1 

01 

I’araynclcria  kanscnsis 

0 

0 

0 

1 

0 

0 

1 

01 

I'entancura  sp. 

0 

0 

*> 

0 

5 

0 

7 

**3 

t’lecoptera  (immature) 

0 

0 

0 

0 

0 

1 

1 

01 

I'olypcdtlum  sp. 

5 

1 

14 

12 

104 

1.19 

Potam  via  Hava 

6.1 

155 

1 19 

45 

504 

16  45 

Simulium  sp 

1 

12 

1 ! 

SI 

1 66 

Slencimis  spp.‘^ 

0 

HQ 

1 

0 

1 

10 

Stenonema  sp. 

15 

1 

21 

9 

88 

2.87 

Tola)  number  of  individuals 

162 

129 



594 

576 

584 

“I-Jtly  iimars  of  Rheotanylanus  sp.  occurred  in  amounts  greater  than  500.  but  were  not  i|uantitativel> 
evaluated. 

^/Icroneuria  spp.  here  ate  three  species:  Acroneuria  ahnormis,  Acroncuria  mela,  and  Acroiifitna  mralis  11ie> 
were  all  collected  from  debris  tn  the  Kansas  Kiver. 

•^Identity  uncertain. 

‘^Slenelmis  spp  here  are  live  species:  Helerlmis  vulnerata.  Macron vchui  glahralus.  Microt  vlloiwis  pusuliis. 
Slencimis  decorata.  and  Slenelmis  vitlipennts  Tlicy  were  all  collected  from  debris  in  the  Kansas  River 


lable  21.  Number  of  liuliviiluals,  Numlier  of  Observeil 
Taxa,  Species  Diversity,  and  Redumlancy  f rom  liio- 
logical  Data  from  Kansas  River  Station  1,  August  to 


Septembi 

r 1975 

Replicate 

No.  of 
individuals 

No.  of 
taxa 

observed 

Species 

diversity 

Redundancy 

162 

1 1 

2.59 

129 

10 

2.75 

619 

15 

2.51 

594 

1 1 

2.61 

576 

1 1 

2.69 

584 

to 

2.40 

510.3 

1 1.33 

2.59 

Average 


Tahle  22.  ( omparative  Abumlances  of  tlie  Dominant  Taxa  During  the 
Friitire  Sampling  Period* 


Taxon 

May  to  June 

August  to  .September 

RA 

Individuals  per 
square  meter 

RA 

Individuals  per 
square  meter 

% 

% 

, tkictis  nngulatus** 

1.08 

163 

14.20 

302 

( aems  sp 

2.98 

450 

.46 

10 

DicrotcftcJipcs  sp. 

0.99 

150 

0 

0 

Cheuma'opsyche  sp. 

7.80 

1178 

0 

0 

(tlyptolcndipes  sp. 

0.58 

87 

0 

0 

IlyJropsvche  spp.  (immature) 

2.81 

424 

7.44 

158 

Hydro  psyche  frisoni 

12.98 

1961 

21.70 

462 

Hydropsyche  orris 

41  75 

6307 

30.68 

652 

Isonychia  sp. 

1.54 

233 

.33 

7 

Perlesla  placida 

1.05 

159 

0 

0 

Polypedilum  sp. 

9.39 

4 

3.39 

72 

Potamyia  flava 

6.42 

970 

16.45 

350 

Simulium  sp 

0 

0 

1 66 

35 

Stenelmis  spp. 

0.65 

98 

.10 

2 

Stenoriema  sp. 

0.71 

107 

2.87 

61 

•Fxdutles  Rheo(an\  tarsus  sp. 
••Identity  uncertain. 


When  the  dominant  faunal  assemblages  from  the  two  sampling  periods  (table  22)  are 
compared,  large  differences  in  abundances  are  evident.  However,  one  must  be  cautious  in  a.ssigning 
significance  to  these  differences  because  the  samples  also  reflect  different  seasons  and  different 
lengths  of  exposure.  Some  taxa  had  increases  in  their  abundance  (Polvpedilum  sp.),  which  probably 
I fleeted  significant  shifts  in  their  normal  seasonal  abundance.  The  remaining  taxa  showed  decreases 
m the  number  of  individuals  per  square  meter  even  though  their  relative  abundances  might  have 
increased.  It  cannot  be  determined  whether  these  decreases  in  abundance  reflect  normal  seasonal 
changes,  or  they  are  merely  the  result  of  different  incubation  periods. 

V DISCUSSION 

The  construction  of  a nitroguanidine  facility  at  Sunflower  Army  Ammunition  Plant 
will  not  be  completed  until  late  1979.  However,  the  National  F’ollution  Discharge  F limination 
F’ermit  System  has  established  certain  discharge  criteria  that  the  plant  must  meet.'  All  projections 
of  the  impact  are  based  on  the  design  criteria  of  the  treatment  system,  although  the  effect  of 
nitroguanidine  and  its  byproducts  in  the  ariuatic  environment  (accumulation,  toxicity,  and 
carcinogenicity)  has  not  been  thoroughly  elucidated  In  addition,  there  arc  usually  malfunctions, 
equipment  failures,  and  spill  conditions  associated  with  the  construction  and  operation  of  a 
complex  manufacturing  facility.  Finally,  there  will  be  an  increase  in  discharges  and  emissions  from 
all  the  support  facilities  on  SAAP  that  will  alter  the  physical  and  chemical  nature  of  the 
environment  These  three  areas,  associated  with  construction  and  operation  of  the  facility,  are 
potential  sources  for  environmental  impact.  Therefore  it  is  prudent  that  a baseline  of  the 
environmental  quality  be  established  before  construction  and  after  the  plant  begins  production  to 
assess  its  effect  on  the  environmental  quality.  Furthermore,  because  the  environment  is  not  pristine. 
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a survey  must  evaluate  i|uality  with  respect  to  current  contamination  in  the  surroundinp  area,  as 
well  as  the  plant 

The  communities  ol  macroinvertebrates  in  the  streams  and  Kansas  River  are  ver> 
sensitive  to  the  stress,  and  thus  serve  as  a useful  tool  for  delecting  environmental  perturbations 
resulting  from  introduced  contaminants  such  as  nitroguanidme.  Macroinvertebrate  communit'es 
have  complex  interactions  between  vanous  trophic  levels  and  the  chemical  environment  in  which 
they  live.  The  kinds  ol  species  and  their  relative  abundances  are  directly  aflected  by  the  physical  and 
chemical  properties  of  their  environment.  Physical  and  chemical  measurements  are  only  indicative 
of  conditions  at  the  time  the  measurements  were  made  Obviously  it  is  Impossible  to  measure  all 
possible  chemical  and  physical  constituents  of  the  environment.  Therefore,  much  time  and  expense 
can  be  saved  by  examining  the  variation  of  certain  ultimate  factors  (dissolved  oxygen,  plf.  water 
temperature,  and  How)  that  affect  water  (piality  and  acjuatic  organisms. 


The  natural  variations  in  water  ciuality  and  macroinvertebrate  populations  re()uire  that 
all  sampling  be  replicated.  The  results  of  the  two  surveys  are  synoptic  in  that  an  estimate  of 
variation  (standard  deviation)  is  provided  for  all  measurements  used  in  the  baseline.  Now  we  will 
discuss  the  effect  of  chemical  and  physical  parameters  on  the  organisms  that  were  collected  during 
the  survey.  Tliis  includes  the  environmental  requirements  and  response  of  the.se  fauna  to 
concentration  changes  in  the  environment.  The  projected  impact  of  the  nitroguanidine  facility  on 
each  of  these  environmental  requirements  will  also  be  discussed. 


Tlie  creeks  surrounding  SAAP  are  generally  well-buffered,  nutrient  enriched,  hardwaler 
streams  that  vary  in  organic  content  with  discharge.  The  limestone  in  the  streambed  is  primarily 
responsible  for  the  well-buffered  nature  of  the  water  and  the  alkaline  pH  values  measured.  During 
low-flow  periods,  conductivity,  alkalinity,  and  hardness  increase,  and  turbidity  and  suspended  solids 
decrease.  Dissolved  oxygen  concentrations  also  decrease  during  the  low-llow  periods  as  a result  of 
increased  water  temperature,  which  lowers  the  dissolved  oxygen  saturation  level,  and  decreaseil 
turbulence,  which  reduces  physical  aeration.  There  is  also  increased  ileposition  (siltation)  during  thi'. 
period  and  for  taxa  that  live  in  riflles  (such  as  Bactis  sp.,  Stim-lmis  sp.,  and  Condalus  sp. ) 
significant  portions  of  their  habitat  may  be  eliminated. 

(iaufin  and  Tar/well^**  concluded  from  a study  on  an  Ohio  stream  that  it  was 
necessary  to  consider  such  factors  as  variations  in  How  and  water  temperature,  the  nature  of  the 
watershed,  and  the  type  of  bottom  to  determine  the  effects  of  a domestic  discharge  on  a 
macroinvertebrate  community.  Data  presented  in  this  report  indicate  that  Kill  Creek  and  ('aptain 
Creek  are  similar  in  drainagi  and  nutrient  input.  All  sampling  stations  were  selected  so  that  the 
sediments  and  flow  rates  were  comparable.  Spoon  Cmek  was  somewhat  different  from  the  other 
stations  in  flow  and  drainage,  and  this  difference  is  shown  in  the  fauna  collected  from  that  creek. 
Dissolved  oxygen  and  water  temperature  are  important  abiotic  factors  because  their  variation  is 
critical  to  survival  and  abundance  of  macroinvertebrates.  Similar  variations  in  dissolved  oxygen  and 
temperature  occurred  in  all  drainages  during  the  May-to-June  survey.  The  variations  observed  were 
well  within  the  ranges  recommended  for  the  support  of  a(|uatic  life.^’  Variations  in  temperature 
and  dissolved  oxygen  were  greater  at  KC  I during  the  second  survey.  However,  they  were  still 
within  the  ranges  recommended  for  aquatic  life.^’ 


A review  of  watcr-ritiality  information  collected  by  the  Kansas  State  f)epartment  ol 
Health  ami  t nvironment  indicated  that  our  data  w'ere  w'ithin  the  previously  reported  ranges 
recorded  from  Kill  Creek  and  Spoon  Creek.  No  comparative  data  were  available  from  Captain 
Creek  .All  of  these  drainages  are  considered  by  the  State  of  Kansas  to  be  of  moderate  to  good  water 
quality.  During  periods  of  high  (low,  the  state  standards  for  fecal  coliforms  have  been  exceeded  in 
both  Spoon  and  Kill  ('reek.  The  state  attributes  this  to  contamination  through  runotf.  The 
presence  of  high  fecal  coliforms  indicates  high  organic  loading  from  domestic  sewage.  The  sewage 
treatment  plant  at  SA.AP  must  maintain  high  biochemical  oxygen  demand  (BOD)  removal  at 
b'l'her  levels  of  employment  to  avoid  deleterious  impacts  on  the  organic  loading  of  Kill  Creek 

I'xainination  of  the  diurnal  data  for  conductivity,  pH,  and  dissolved  oxygen  at  KR  2 
dun  c the  second  survey  (figures  9 to  11.  respectively)  shows  marked  declines  in  their  daily  means 
b een  5 and  b September.  During  this  same  period  in  which  no  rainfall  was  recorded  at  SAAF^. 
there  was  a significant  increase  in  the  discharge  rate  of  the  Kansas  River.  However,  on  4 and  5 
September  a total  of  1.51  inches  was  recorded  at  Kansas  City  International  Airport,  (north  and  east 
of  SAAP),  and  1.21  inches  at  Topeka  (north  and  west  of  SAAP).*  The  same  type  of  peak  in  How 
was  observed  at  the  U.S.  Geological  Survey  (US(iS)  gaging  station  at  Lecompton,  Kansas,  upstream 
from  SAAP.**  The  rainfall  had  a significant  effect  on  discharge  far  downstream  without  changing 
flow  in  the  tributaries  in  the  study  area.  Tire  rain  water  probably  had  lower  dissolved  solids  and 
oxygen  than  the  river  water,  whicli  would  at  least  account  for  some  of  the  observed  decrease  in 
conductivity  and  dissolved  oxygen.  In  addition,  the  rain  water  was  probably  slightly  acidic,  (ph  < 
7.0),  which  would  have  lowered  the  pH.  The  increa.sed  discharge  also  dispersed  the  phytoplankton 
in  the  river  and  probably  increased  turbidity  and  suspended  solids,  both  of  which  decrease  the 
depth  to  which  liglit  penetrates.  The  net  effect  of  this  would  be  to  reduce  primary  productivity 
(photosynthesis).  C’onditions  like  the  one  described  have  been  previously  shown  to  reduce 
productivity  in  large  rivers. The  increased  discharge  could  have  dislodged  many  organisms 
including  the  photosynthetic  algae  and  diatoms.^ ^ In  addition,  resuspended  river  sediments  are 
generally  covered  by  bacteria,  which  increase  the  biochemical  oxygen  demand  and  community 
respiration  ^ * Birth  of  these  circumstances  could  reduce  dissolved  oxygen  content  and  lower  the  pH 
of  the  water 


When  the  over  discharge  decreases,  solids  settle  to  the  bottom,  the  water  becomes 
clearer,  photosynthesis  increases,  and  both  pH  and  dissolved-oxygen  content  increase.  (See  figures 
9.  10,  and  II.)  Tlie  amplitude  of  the  diurnal  change  in  dissolved-oxygen  content  may  have  also  been 
increased  by  additional  algal  and  animal  growth  causing  higher  community  respiration  at  night,  and 
more  algal  photosynthesis  in  response  to  increased  light  penetration  during  the  day.^ 

Although  some  life  stages  of  many  species  considered  sensitive  to  low  dissolved  oxygen 
concentrations,  others  can  survive  at  extremely  low  concentrations  of  dissolved  oxygen.-^  - their  mini- 
mum concentration  must  be  sufficiently  high  so  that  fish  and  macroinvertebrates  can  complete  their 
life  cycles,  grow  normally,  and  maintain  normal  activity. Kansas  .State  water-ipiality  regulations, 
which  apply  to  perennial  drainages,  set  minimum  standards  for  dissolved  oxygen  at  4 mg  1 during 
short  periods  within  a 24-hour  period,  and  at,  or  above,  5 mg/1  (except  for  natural  decrease). 


•Thompjnn,  Melvin,  US  Oeolotucal  Survey,  Lawrence  Kansas,  personal  communication 
••Curtis,  Russel,  US  (icoloipcal  Survey,  tjwrence,  Kansas,  personal  communication. 

f Kelly,  M.,  Department  of  Riology,  University  of  Virginia,  Charlottesville,  Virginia,  personal  ctimmunicalion. 


Diintijr  one  low-tlow  survey,  no  dissolved  oxygen  concentrations  were  measured  below  0.52  mg  I It 
Is  likel>  that  aeration  during  high-tlow  maintains  a high  dissolved  oxygen  level  in  the  river  and 
creeks  However,  during  low  How.  pooled  areas  may  sutTer  some  anoxia  from  biological  reductions 
ol  organic  material  and  eommunity  respiration. 

I'nder  conditions  ot  higli  pH  and  hardness,  the  toxicity  ol  many  substances  is  reduced 
because  the  rates  ol  osmosis,  diffusion,  and  active  transport  into  tissues  are  decreased.^ ^ Hardness, 
which  IS  ehicHy  attributable  to  calcium  and  magnesium  ions,  contributes  substantially  to  the 
Ntabilitv  of  pH  of  the  water  and  to  the  productivity  of  algae. A large  spill  of  acid  or  a low-pH 
waste  stream  discharged  into  Kill  Creek  would  upset  the  stable-pH  conditions.  F'ish  kills  resulted 
trom  acid  area  discharges  into  Kill  ('reek  in  1969.'  The  potential  for  these  conditions  still  exists. 

The  high  filterable  (suspended)  solids  of  *he  creeks  and  Kansas  River  is  probably  a 
signiticant  limiting  factor  in  the  (luahty  of  sport  fisheries  and  the  diversity  of  macroinvertebrate 
communities  during  periods  of  high  runoff.  In  a study  of  fish  and  macroinvertebrate  populations 
over  a 4-year  penod  in  a stream  receiving  sediments  from  a crushed  limestone  quarry,  Ciammon^'' 
found  that  inputs  that  increased  the  load  of  suspended  solids  by  less  than  40  mg  'l  resulted  in  a 35T 
reduction  in  macroinvertebrate  density  in  the  stream  below  the  (juarry.  Tliese  effects  were 
temporary  and  were  strongly  correlated  with  seasonal  precipitation.  In  Kansas,  river-stream  fauna 
are  probably  well  adapted  to  these  seasonal  changes  in  silt  load.  However,  such  sediments  also  tend 
to  absorb  toxic  chemical  substances  such  as  pesticides,  heavy  metals,  and  organic  compounds.^'’ 
Waters  with  high  turbidity  can  assimilate  some  toxic  materials  through  this  sorptive  capacity.  In  still 
backwaters  or  pools  along  the  main  channel,  contaminated  sediments  might  settle  out,  and  toxic 
substances,  such  as  metals  and  byproducts  from  the  nitroguanidine  production  facility , could  reach 
high  concentrations  there.  Such  deposits  could  be  resuspended  during  high  river  discharges,  possibly 
causing  fish  kills  and  bioaccumulation.  If  the  projxised  nitroguanidine  facility  discharged  pollutants 
with  persistant  and  toxic  properties,  concentration  in  the  sediments  and  in  the  biota  would  cause 
adverse  environmental  impacts. 

Because  the  calculated  impact  on  the  Kansas  River  of  the  discharge  from  the  proposed 
nitroguanidine  facility  is  negligible,  the  major  impacts  will  most  likely  come  from  performances 
below  designed,  treatment,  malfunctions, discharges  from  the  support  facilities  ( the  acid  plant  and  the 
sewage-treatment  plant),  and  runoff  from  the  solvent  area,  burning  grounds,  storage  areas,  and 
nitroguanidine  area.  F rom  results  sFiown  in  this  report,  current  discliarges  to  Kill  Creek  are  minimal, 
and  they  do  not  cause  significant  changes  in  the  stream  biota.  Captain  Creek  receives  runoff  from 
disposal  and  burning  sites,  the  solvent  area,  and  tlie  proposed  nitroguanidine  area.  It  appears  that 
these  sources  are  insignificant  at  current  operation  levels  when  compared  with  nutrient  additions 
trorn  surrounding  farm  and  pasture  lands. 

The  niacromvertebrale  communities  in  the  streams  were  dominated  by  riffle  beetles, 
i. addislly  larvae,  and  ilipteran  larvae.  Their  distribution  in  the  riffies  was  extremely  variable  as  shown 
by  the  mdividual  sample  data  (appendix  B).  This  variability  between  samples  from  the  same  riftle 
reijuires  that  a large  numlx-r  of  samples  be  taken  to  estimate  true  |iopulation  means  of  individual 
s|X‘cies  and  to  assure  that  all  the  species  actually  [ire.sent  are  found.  F'rom  data  of  this  type,  a valid 
fMiMiate  ot  the  numerical  relationship  between  species  (relative  abundance)  can  be  calculated  and 
the  impact  ot  a (xillutant  (hat  causes  the  elimination  of  a species  may  be  determined  from  biological 
intormation  about  its  role  in  the  community  indices  so  that  two  communities  can  be  separated 


37 


because  the  eonimumty  measurements  are  statistically  dilterent.  Ranson  and  Dorris^^  emphasize 
that  biological  measures  of  the  aquatic  environment  are  superior  to  chemical  measurements 
alone,  because  the  community  structure  is  intluenced  by  past  trends  as  well  as  present  levels  of 
chemical  water  quality,  fhey  further  state  that  any  evaluation  of  biological  conditions  is  more 
reliable  if  the  data  can  be  subjected  to  statistical  analysis.  .Substantial  replication  of  sampling  has 
been  conducted  here  to  pennit  such  analysis. 

Several  different  sampling  methods  were  used  in  the  creeks  and  river.  The  primary 
■ onsideratic>ns  for  sampling  methods  must  be  ( 1 ) the  type  of  habitat  and  kind  ot  organisms  to  be 
sampled.  i2)  the  precision  and  accuracy  of  the  method.  (3)  exclusion  of  specific  endemic  fauna 
(det>rmining  whether  the  sample  represents  the  community  accurately l.  (4)  the  number  ot 
repi  .ates  required,  and  (5l  the  time  and  cost  for  taking  and  processing  the  sample, 

■Macroinvertebrates  were  sampled  in  the  creeks  with  a PIBS  because  riffle  habitats  were 
selected.  This  method,  designed  for  use  in  nffles.  is  superior  to  the  classical  Surber  1-ft^  sampler  for 
estimating  macroinvertebrate  abundances.  Rock-filled  baskets  were  also  used  in  June,  but  they  were 
not  satisfactory  in  the  creeks  because  of  scouring  Also,  grinding  of  the  rocks  occurred  in  the 
fluctuating  currents  during  the  30-day  exposure  penod.  The  suspended  rock-filled  basket  samplers 
were  well-suited  to  sampling  in  the  Kansas  River  because  they  provided  a substrate  for  attachment 
by  drifting  organisms  and  scouring  was  reduced.  In  the  sandy  river  sediments,  macroinvertebrates 
were  found  clustered  on  logs,  detritus,  and  other  trapped  debris  along  the  slioreline.  Hynes^ 
says  that  sand  is  a desert  for  macroinvertebrate  colonization  and  a small  twig  in  the  sand  may 
become  a crowded  oasis. 

Apparently  the  basket  samplers  were  the  counterpart  of  a riffle,  because  the  diversitie.s 
found  there  were  approximately  equal  to  the  ones  in  the  Kansas  River  Hie  fauna  in  the  samples 
were  typical  of  hard  sediments  and  fast  currents  from  RIBS  samples.  Riffle  habitats  are  generally 
considered  very  productive  areas  for  collecting  macroinvetebrate  fauna  because  food  and  oxygen  are 
usually  abundant.  During  low  flow,  all  creeks  were  pooled  except  KC  1,  which  was  sustained  by 
discharges  from  the  sewage-treatment  plant  and  the  acid  plant  In  September,  fewer  taxa  (33  in 
June,  18  in  September)  and  more  individuals  (708  in  June,  838  in  September)  were  collected  than 
in  June  at  KC  1.  Stenelmis  spp.  was  predominant  and  three  times  more  abundant.  Tlie  principal 
difference  was  that  several  dipteran,  mayfly,  stonefly.  and  crustacean  taxa  were  not  eollected.  The 
insect  disappearance  can  be  correlated  with  emergence  patterns.  During  low  flow  the  amphipods 
and  isopods  tend  to  concentrate  along  the  shoreline  on  algae  and  rooted  vegetation. 

The  decline  in  abundance  of  Oligncliaelc  sp.  is  puzzling  because  many  species  are  well 
adapted  to  sedimentation  and  the  nearly  anaerobic  conilitions  are  typical  of  low  flow. 

Comparisons  between  June  and  September  basket  samples  from  the  river  are  probably 
not  valid  because  baskets  were  exposed  twice  as  many  days  (30)  in  June  as  in  September  ( 1 5). 
During  an  exposure  period,  the  community  composition  will  gradually  change.  Crazing  caddisflies 
and  snails  tend  to  colonize  the  substrates  first,  and  these  are  followed  by  predatory  stonefly  and 
alderfly  nymphs.  The  colonization  pattern  and  rate  may  be  interrupted  by  scouring  the  substrates 
during  flooding  or  by  sloughing  of  organisms  when  a thick  growth  accumulates.  Further  changes  in 
colonization  occur,  the  species  performing  the  grazing  and  predation  functions  may  change  during 
each  season.  Their  colonization  rates  are  dependent  on  food,  light,  and  water  temperature. 
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rtKTftori-,  It  IS  valiil  to  (.omparc  s;impk“s  collected  alter  an  exposure  to  the  same  conditions  r>t 
sunlight,  hydrological  regime,  water  temperature,  season,  and  time.  We  tound  that  m dynamu 
environments  like  the  Kansas  River,  artificial  substrates  provide  the  best  sampling  method  with  which 
to  compare  the  communities  at  ditlerent  locations  in  the  river.  These  artificial  substrated  developed  a 
diverse,  representative  communitv  within  Z weeks  during  the  summer.  Macroinvertcbrates  are 
considereil  to  he  excellent  indicators  of  water  (piality;  however,  some  organisms  are  sensitive  to 
water-<p.iality  changes,  and  fluctuations  in  their  numbers  collected  may  only  rellect  patchy 
distributions,  seasonal  variations,  or  natural  I'Kipulation  cycles  Ilic  aciuatic  insect  fauna  are  a diverse 
group  of  macroinvertebrates,  many  of  which  are  important  indicators  of  changes  in  water  ipiality.^'’ 
Hell^^  found  that  in  the  1. ester  River.  St.  Louis  ('ounty,  Minnesota,  most  aipiatic  insects  are 
abundant  on  rubble  substrates,  and  as  the  substrate  si/e  decreased,  fewer  insects  were  present.  Ihc 
large  rubble  in  the  basket  samplers  provides  cavities  of  different  si/es,  which  approximate  a rubble 
substrate  described  by  Bell,  f'ullner^®  found  that  basket  samplers  collected  115  ta.xa  and  l‘L657 
total  individuals  from  live  rivers  i i Ohio  and  that  these  results  were  superior  to  all  other 
ipiantifative  methods  available.  During  the  summer.  Mason^  found  as  many  as  95'a  of  the  total 
number  of  individuals  in  basket  samplers  were  aquatic  insects.  He  also  found  that  three  replicate 
baskets  estimated  the  sample  mean  of  a 10-replicate  sample  within  20"'r  (for  95*7  confidence 
limits)  and  that  baskets  collected  a greater  diversity  and  abundance  of  macroinvertebrates  than 
multiplate  samplers.  We  found  no  statistically  significant  difference  between  the  number  oftaxa, 
iiuiividuals  (adjusted  to  area),  or  species  diversity  for  basket  versus  multiplate  samples  in  our  study. 
Tfiere  were  fewer  individuals  and  the  samplers  had  lower  species  diversity  in  Mason's  work  than  for 
our  work  in  the  Kansas  River.  This  may  rellect  the  poor  water-i]uality  conditions  of  the  Ohio  Riser, 
where  Mason  sampled. 

I'he  most  abundant  organisms  collected  on  baskets  resemble  those  fauna  that  were 
collected  by  hand  from  logs  and  detritus  along  the  river  hanks  in  September  at  low  How,  This 
indicates  that  artificial  substrate  collections  were  representative  of  the  endemic  taxa.  The  odonates 
(dragonfly  and  damseltly  nymphs)  were  an  exception  being  abundant  under  woody  material  and  in 
the  mud  along  the  banks.  These  organisms  would  not  he  expected  on  the  artificial  substrates 
because  they  are  mud  burrowers.  This  habit  allows  them  to  avoid  many  short-term  changes  in  water 
quality.  Odonates  were  also  considered  to  be  insensitive  to  many  water-quality  changes. 

In  adtlition  to  the  damsellly  nymph,  .l/'g/u  moesia.  collected  in  basket  samples,  the 
lollowing  odonates  were  hand  picked  from  debris  along  the  Kansas  River  banks  on  9 September 
1975:  Arf’ia  apicahs,  Scurocordulia  molesla.  Gomphus  iG(nnphurm)  cttcrniis.  G iStylurus) 
iniricatus,  and  G iStylurus)  playiatus. 

Some  species  of  maytlies  and  stonellies  are  not  tolerant  of  the  low  dissolved-oxygen 
contents,  the  low-pH,  the  high  nutrient  levels  (especially  of  phosphates  and  nitrogenous 
compounds),  and  the  high  biochemical  oxygen  demands  ty  pical  of  organic  pollution.  The  projected 
loadings  of  sulfur,  nitrogen,  and  phosphorus  from  the  nitroguanidine  production  facility  and 
discharges  from  support  facilities  may  cause  some  oxygen  depletion  and  enrichment  ty  pical  of 
organic  pollution,  and  such  changes  may  eliminate  oxygen-sensitive  speck's,  lliese  nymphs  are  very 
active  crawling  organisms,  and  many  were  probably  lost  from  our  samples  when  the  baskets  were 
collected.  Because  they  tend  to  aggregate  on  hard  substrates  and  their  abundances  are  im|-Kirtant 
data  for  water  ciuality  assessments,  basket  samples  must  be  recovered  in  a rapid  and  consistent 
manner  to  avoid  bias  between  samples.  We  suspect  that  changes  in  these  comtionents  of  the  aquatic 
community  will  be  useful  to  evaluate  the  nitroguanidine  discharge. 


Dll’  larvae  ol  the  true  Hy  \l)iptvra  spp  t ami  llie  caddisllies  teiui  to  build  tubes  and 
enerust  on  bard  substrates  Hy  nature  they  move  more  slowly,  and  most  ot  the  individuals  that  can 
he  retaineil  on  the  sieve  are  (irohably  collected. 

The  ('hiri»u>muiac  spp.  (midge  laxa)  have  a wide  range  ol  environmental  reituirenients 
til.  t are  wed  'hicumented  for  /'o/v/iei/i/nm  illinoense,  Cryplochirunntnus  sp.,  Dicrotendipes  sp., 
t'nn  ladius  sp.,  .S'rrn  tni  hironomus  sp.,  (dvplnlcndiiu’s  sp.,  Micruiendipcs  sp  , and  ( hinmomus  spp. 
These  genera  sa'  loler.ite  eviremes  in  dissolved  oxygen  (*  4 ppm),  hardness  0300  iipm),  higher 
•iioride  ('*1  I'K'  ppm),  and  biochemical  oxygen  demand  O.*!  0 ppm).^^  Ihesc  species  are  normally 
kiund  in  •unditions  ot  high  turbidity,  moderate  to  high  biochemical  oxygen  demand,  high  sulfate, 
and  ■ ah  nutrient  • .l•ue••Ir.^llons 

The  biological  communities  in  the  Kansas  Kiver  and  the  drainages  from  SAAl'  have 
acap'ecl  to  a long  regime  of  seasonal  peaks  in  tlow  and  nutrients  along  the  heavy  sediment  loads 
which  they  carry . Dissolved  oxygen  diil  not  reach  critical  lower  limits  during  our  incmitoring. 
however  changes  in  waste  ilischarge,  sunlight,  How,  siltation,  and  pH  may  cause  dissolved  oxygen 
concentrations  to  decrease  to  a critical  level  The  noiinally  higfi  nutrient  and  silt  loads  now  originate 
f'cm  agricultural  sources  along  ill  drainages  and  are  largely  inert  particles  The  solids  loading  from 
manufacturing  may  contain  metallic  or  toxic  particles. 

Results  from  these  surveys  are  valuable  in  est.ablisfii’ig  (fie  composition  ot  tfie  atjuatic 
communities  and  the  quality  ot  water  in  each  drainage  (chemically  and  biologically ).  m identifying 
what  factors  to  measure,  and  how  to  measure  them,  and  in  estimating  the  sample  si/es  necessary  to 
achieve  some  level  of  precision  within  some  statistical  conlidencc  level  Substrate  sampling  methods 
(RIBS  and  dip  net)  were  used  in  the  creeks,  because  the  flooding  scoured  ttie  artificial  substrates, 
and  during  droughts  the  fixed  artificial  substrates  were  exposed  Comparable  sampling  locations 
were  standardized  by  current  velocity  and  substrate  size  measurements  Aitificial  substrates  worked 
well  in  the  Kansav  River,  and  only  a few  replicates  were  needed  to  obtain  statistically  reliable 
results. 


The  aquatic  environment  is  a complex  system  comprising  dynamic  biological,  chemical, 
and  physical  factors.  Therefore,  all  surveys  of  biological  communities  and  water  quality  should  rely 
more  heavily  on  comivarisons  between  places  at  the  same  time  than  between  sampling  periods. 
Studies  ot  temporal  vaiia.  on  require  extended  studies  to  establish  trends  and  variation.  The  survey 
results  present  sampling  locations  and  methods  that  should  provide  reliable  ilata  for  luture  work 
after  the  construction  of  the  proposed  facility. 
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APPENDIX  A 


WATER-QUALITY  DATA 


Tiihles  A-1  to  A-1  2 give  tlie  summaries  of  water-quality  data  from  the  six  creek  stations 
and  from  the  two  river  stations. 


I'able  A-1.  Summary  of  Water-Quality  Data  Erom  Kill  Creek  Station  1,  2-3  June 

1975 


Parameter 

No.  of 
samples 

Mean 

Standard 

deviation 

Minimum 

Maximum 

Alkalinity,^  total,  mg/1  of  CaCOj 

6 

198.5 

2.81 

193.0 

200.0 

Chloride.  mg/I 

6 

6.7 

.75 

6.0 

7.5 

Conductivity,*’  f/S/cm‘' 

554 

419.1 

71.9 

151.0 

549.0 

Hardness,  total,  mg/1  of  CaC03 

6 

156.7 

27.14 

140.0 

210,0 

Nitrate,  NO3,  mg/1  of  N 

6 

1.55 

.27 

1.3 

1.9 

Nitrite,  NO2,  mg/1  of  N 

2 

.029 

.001 

.028 

.029 

Oxygen,  dissolved,*’  mg/1 

554 

8.13 

.56 

6.92 

9.14 

pH.*’  SU** 

554 

7.87 

.12 

7.53 

8.04 

Phosphate,  PO^.  mg/1  of  P 

6 

.08 

.01 

.05 

.08 

Residue,  mg/1: 
Filterable 

1 1 

1,577.6 

781.8 

620.0 

2,580.0 

Nonfilterable 

10 

205.8 

60.1 

94.0 

214  0 

Total 

1 1 

1,84.3.6 

785.3 

840.0 

3,040.0 

Sulfate,  mg/1 

6 

47.7 

1.86 

45.0 

50.0 

Temperature,*’  °C 

554 

18.78 

1.55 

15.35 

21.35 

“Titrated  to  a pit  of  5.1. 

'’Continuous  monitoring,  1530,  28  May  to  1400,  3 June  1975. 

‘1  S = I ohm  ' = 1 mho. 

‘*SU  = standard  units  lor  pH.  i.c.,  minus  the  logarithm  of  the  concentration  of  | II  ,0|  * 


Table  A-2.  Summary'  of  Water-Quality  Data  f'nfm  Kill  Creek  Station  2.  28-29  May 

1975 


Parameter 

No,  of 
samples 

Mean 

Standard 

deviation 

Minimum 

Maximum 

Alkalinity,*  total,  mg/1  of  CaC03 

2 

207,5 

3.5 

205.0 

210.0 

Chloride,  mg/1 

2 

7.5 

- 

7.5 

7.5 

Conductivity, ••  pS/cm 

121 

343.8 

33.22 

290.0 

410  0 

Hardness,  total,  mg/1  of  CaC()3 

2 

137.5 

10.6 

120.0 

145.0 

Nitrate,  NO3,  mg/I  of  N 

1.4 

.14 

1.3 

1.5 

Nitnte,  NO2,  mg/1  of  N 

2 

.022 

.001 

.021 

.023 

Oxygen,  dissolved, ••  mg/1 

122 

7.94 

.12 

" 60 

8.20 

Phosphate,  PO4,  mg/I  of  P 

2 

,04 

.00 

04 

.05 

Residue,  mg/1; 

Filterable 

10 

970.0 

414.33 

3,r0.0 

1,600.0 

Nonfilterable 

10 

122.0 

30.48 

60.0 

160,0 

Total 

10 

1,212.0 

174.92 

920.0 

1,360.0 

Sulfate,  mg/1 

2 

33.0 

33.0 

33.0 

Temperature,**  °C 

122 

20.1 

1.06 

18.5 

22.0 

•Titrated  to  a pH  of  5.1, 

••Conlinuouj  monitoring,  1720,  28  May  to  1400,  30  May  1975. 
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I'.ihk'  A-.k  SnmiiKiry  ol  W;itcr-Qii;ility  Dal;!  F-'rom  Spoon  Creek  Station  1.  1-2 

June  I ‘>75 


I’.iranietiT 

No.  of 
samples 

Mean 

Standard 

deviation 

Minimum 

Maximum 

Alkalinity,*  total,  iiig/l  ol Ca('0^ 

12 

186.5 

10.56 

175.0 

210.0 

ClilornJo,  ing/1 

12 

8.3 

1 83 

9.0 

1 1.0 

CoiuliKttvity,**  fjS./cm 

178 

495.7 

51.16 

390.0 

578  0 

Hardness,  total,  mg/I  ol  ('a('03 

12 

210.2 

17.22 

170  0 

230.0 

Nitrate,  NO3,  mg/I  of  N 

12 

2.24 

.30 

1.8 

2.70 

Nitrite,  NO.,  mg/1  of  N 

12 

.08 

.01 

.07 

.10 

Oxygen,  dissolved,*  * mg/1 

178 

7 67 

40 

6.80 

8.20 

Phosphate,  PO4 , mg/I  of  P 

1 2 

10 

.02 

.07 

.11 

■Sulfate,  mg/1 

6 

56.2 

4.83 

50.0 

60.0 

Temperature,**  °C 

178 

16.7 

1.32 

14.5 

19.7 

• Tifralc<l  l<>  a pM  <>t  5 I 

**('onimuoiis  nionilonn^:.  i S30.  .^0  May  to  1420.  3 June  1975. 


Table  A-4.  Siiniinary  of  Water-Quality  Data  I rom  (\iptain  Creek  Station  1,  3-4 

June  1975 


Parameter 

No.  of 
samples 

1 

Mean 

Standard 

deviation 

Minimum 

Maximum 

.Alkalinity,*  total,  mg/1  ol  CaCOj 

4 

87.5 

6.46 

80.0 

95.0 

Chloride,  mg/I 

4 

6.3 

.50 

6.0 

7.0 

Conductivity,**  pSiem 

83 

269.3 

21.68 

235.0 

326.0 

Hardness,  total,  mg/I  of  CaCO^ 

4 

1 1 3.8 

8.54 

105.0 

125.0 

Nitrate,  NOj,  mg/I  ol  N 

4 

1.45 

.95 

.50 

2.50 

Nitrite,  NO2 , mg/1  of  N 

4 

.02 

.01 

.02 

.04 

Oxygen,  dissolved,**  mg/I 

83 

7.42 

48 

6.6ft 

8.62 

pH,**  SU 

83 

7.50 

.06 

7.38 

7.60 

Phosphate,  PO4  , mg/1  ot  P 

4 

07 

02 

.06 

09 

Sulfate,  mg/1 

4 

32.0 

3.37 

30.0 

37.0 

Temperature,**  "c 

83 

20.58 

99 

19.45 

23.0 

• I itratcd  to  u pilot  5 

••roniiniiouN  immitorini!,  1715.  3 June  (o  1 345,  4 June  1 97.5. 


Table  A-5.  Summary  of  Water-Quality  Data  ITom  Captain  ('reek  Station  3.  3-4 

June  1975 


Parameter 

No.  of 
samples 

Mean 

Standard 

deviation 

Minimum 

Maximum 

Alkalinity,*  total,  mg/1  of  CaC03 

7 

76.4 

6.90 

65.0 

85  0 

Chloride,  riig/l 

7 

6.6 

.54 

6.0 

7.0 

Conductivity,**  fiS/cm 

59 

259.6 

60.8 

100  0 

338.0 

Hardness,  total,  mg/1  of  CaC03 

7 

104.3 

1 I..34 

90  0 

120  0 

Nitrate,  NO3,  mg/1  of  N 

6 

4.40 

.46 

4 0 

5.3 

Nitrite,  NO2,  mg/I  of  N 

6 

.049 

.00 

.05 

.05 

Oxygen,  dis.solved,*  * mg/I 

59 

8.01 

.28 

7.6 

8.6 

Phosphate,  PO4,  mg/1  of  P 

7 

12 

03 

06 

16 

Sulfate,  mg/I 

7 

44.1 

6.82 

30  0 

50.0 

Temperature,**  °C 

59 

20  13 

.87 

19.3 

23.0 

*Total  alkalinity  is  tilratcd  to  a pH  of  S.l . 

•*fontinuou«  monitoring,  1620,  3 June  to  1430,  4 June  1975. 
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lahle  A-(i.  Summary  ot  Water-Quality  Data  From  Kill  ('reek  Station  I,  30-3 1 

August  1 975 


Paraineter 

No.  of 
samples 

Mean 

Standard 

deviation 

Minimum 

Maximum 

Alkalinity,”  total,  mg/I  of  CaC'O^ 

8 

134.8 

2.12 

132.0 

138.0 

Cltlonde,  mg/I 

8 

45.2 

.96 

43.5 

46.0 

Conductivity,*’  riS/cni 

95 

1.021.9 

13.15 

1,000.0 

1 ,050 

Hardness,  total,  mg/1  of 

8 

302.0 

2.83 

298.0 

304.0 

Nitrate,  NO3.  mg/1  of  N 

8 

2.36 

.32 

2.0 

2.9 

Nitrite.  NO-) , mg/1  of  N 

8 

.01 

.00 

.01 

.01 

Oxygen,  dissolved.’’  mg/1 

95 

8.21 

1.57 

6.0 

10.5 

pH.’’  Sti 

95 

7.94 

.16 

7.50 

8,35 

Phosphate,  PO^,  mg/1  of  P 
Residue,  mg/1: 

8 

.08 

.00 

.07 

.08 

Filterable 

7 

760.0 

109.3 

574.0 

884.0 

Nonfilterable 

8 

52.0 

7.41 

38.0 

64.0 

Total 

8 

625.3 

4.77 

620.0 

632.0 

Sulfate,  mg/1 

8 

204.5 

22.19 

198.0 

240.0 

Temperature,’’  °C 

95 

25.88 

1.38 

24  0 

29  4 

Turbidity,  F'TU’ 

8 

5.63 

2.56 

2.0 

9.0 

“Titrated  to  a pit  of  5.1. 

*'ronlinuou.'!  monitoring.  29-30  August  1975. 
‘^TTU  = l ormann  turbidity  units 


Table  A-7.  Summary  of  Water-Quality  Data  From  Kill  Creek  Station  1,  2-3 

September  1975 


Parameter 

No,  of 
samples 

Mean 

Standard 

deviation 

Minimum 

Maximum 

Alkalinity,*  total,  mg/1  of  (’aC03 

8 

152.8 

5.34 

144.0 

160.0 

Chloride,  mg/1 

8 

35.3 

.76 

34.0 

36.5 

Conductivity,**  ttS/cm 

358 

955.7 

39,53 

850.0 

1,000.0 

Hardness,  total,  mg/I  of  CaC03 

8 

267.0 

2.14 

266.0 

270.0 

Nitrate,  NO3,  mg/I  of  N 

8 

1,54 

.32 

1 .2 

1,9 

Nitrite,  NOj , mg/1  of  N 

8 

.01 

,00 

.01 

.02 

Oxygen,  dissolved,**  mg/I 

321 

7.66 

1.58 

5.5 

1 1.80 

pH,**  SU 

358 

7.90 

.17 

7,60 

8,30 

Phosphate,  PO4,  mg/I  of  P 
Residue,  mg/1: 

8 

.08 

.01 

,07 

.09 

F'ilterable 

8 

432.8 

25.45 

384.0 

460.0 

Nonfilterable 

8 

7.25 

4.98 

3.0 

16.0 

Total 

8 

541,3 

13.65 

526.0 

562.0 

Sulfate,  mg/1 

8 

156.5 

10.73 

144.0 

172.0 

Temperature,**  °C 

358 

27.40 

1.08 

23.8 

32.2 

Turbidity,  FTU 

8 

6.05 

4.88 

0 

9.0 

•Titrated  to  a pH  of 

••Continuous  monitoring,  1500,  29  August  to  IKM),  4 September. 
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I.ililc  A-H.  Siimniiiry  ol  W;iter-Oiialily  n;il;i  F rom  Kansas  River  Station  2,  5 June 


1975 


Parameter 

No.  ot 
samples 

■Mean 

Standard 

deviation 

Minimum 

Maximum 

•Mkalimiy,*  total,  nin/1  of  ('aCO^ 

7 

130  0 

[j^QI 

125.0 

WBM 

Chloride,  mg/l 

7 

21 .2*^ 

210 

mBSM 

Conductivity. ••  /aS/cni 

25 

438.8 

346  0 

480.0 

Hardness,  total,  nig/l  of  CaCO^ 

7 

165.0 

1 60,0 

170,0 

Nitrate.  NO^.  mg/I  of  N 

7 

1 40 

1.52 

.80 

4.00 

Nitrite.  NOj.  rrig/l  of  N 

7 

.007 

044 

42 

.163 

Oxygen,  dis.solved.* * rng/l 

25 

7.18 

.07 

7 06 

7.34 

pM,**  .Sll 

25 

7 73 

.02 

7.75 

Sulfate.  mg/I 

7 

14.38 

55  0 

Temperature.**  °C 

25 

22.74 
1 

.54 

23  45 

•Titrated  to  a pli  of  5 I . 

••('ontinuouN  monitoring.  1050-1650,  5 June  1975. 


Table  A-9.  Summary  of  Water-Quality  Data  From  Kansas  River  Station  2.  27-28 

August  1975 


Parameter 

No.  of 
samples 

Mean 

Standard 

deviation 

Minimum 

Maximum 

Alkalinity.*  total.  mg/I  of  CaCO^ 

8 

149.1 

3.18 

146.0 

154.0 

Chloride,  rng/l 

8 

56.6 

1.95 

54.0 

60.0 

Ciynduetivity.**  /aS/cm 

475 

752.5 

105.8 

565.0 

1,010.0 

Hardness,  total,  rng/l  of  CaCOj 

8 

209.7 

6.55 

204.0 

218.0 

Nitrate.  NO-),  mg/1  of  N 

8 

2.13 

.27 

1.8 

2.6 

Nitrite.  NO2.  nig/1  of  N 

8 

.04 

.01 

.04 

.06 

Oxygen,  dissolved.**  mg/I 

475 

7.57 

.49 

6.52 

9.45 

pH.**  SU 

475 

7.87 

.06 

7,74 

8.1  1 

Phosphate.  PO.^ . mg/I  ol  P 

8 

.22 

.01 

.20 

.23 

Kesidue.  ing/1 
lilterahle 

8 

481.3 

33.52 

438,0 

546.0 

Nonfilterable 

8 

225.8 

49  13 

1 18.0 

272.0 

Total 

8 

670.8 

33.86 

626.0 

7.30.0 

Sulfate,  ing/l 

8 

1 12  4 

12,06 

100,0 

1 30.0 

lemperature,**  °C 

475 

26.31 

1.33 

24.2 

29.2 

Turbidity,  F'TU 

8 

79  1 

55.3 

29.0 

143.0 

•Titrated  to  a p/f  of  5.  / . 

••Continuous  moniiijring,  1 100,  27  August  to  1030.  I September  1975. 
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Tahlc  A- 10.  Summary  of'  Water-Quality  Data  Frotii  Kansas  River  Station  2,  29-30 

August  J97.5 


l’.ira  meter 

No.  of 
samples 

Mean 

Standard 

deviation 

Minimum 

Maximum 

.Mkahmiy,  total,  mg/1  of  Ca('03 

8 

149.0 

1.82 

144.0 

152.0 

Chlorule  mg/1 

8 

69  8 

3.16 

65.0 

74,0 

rondiKtiviiy ,*  /jS/cm 

475 

752.5 

105.8 

565.0 

1,010,0 

Hardness,  total,  mg/1  of  ('aC'03 

8 

207.8 

4.06 

101.0 

212.0 

Nitrate,  NO 3.  mg/1  of  N 

8 

1.76 

.37 

1.30 

2.50 

Nitrite,  NO2,  mg/1  of  N 

8 

.029 

003 

.026 

.033 

Oxygen,  dis.solved.*  mg/1 

475 

7.57 

.49 

6.52 

9.45 

pH.*  SU 

475 

7.87 

.06 

7,74 

8.1 1 

Phosphate,  P(),j,  mg/1  of  P 

8 

.20 

.02 

,18 

.15 

Residue,  mg/1 
^■llle^able 

8 

496.5 

13.76 

472.0 

516.0 

Nonfilterahlc 

8 

176. .3 

16.02 

154.0 

198.0 

Total 

8 

654.3 

75.57 

588.0 

794.0 

Sulfate,  mg/1 

8 

1 18.75 

4.43 

1 10.0 

125.0 

Temperature,*  °C 

475 

26.31 

1.33 

24.2 

29.2 

Turbidity,  FTU 

8 

102.3 

13.92 

81.0 

124.0 

•C  ontinuous  monitoring,  1 100,  27  August  to  1030,  1 September  1975. 


Table  A-ll.  Summary  of'  Water-Quality  Data  From  Kansas  River  Station  2,  4-5 

September  1975 


Parameter 

No  of 
samples 

Mean 

Standard 

deviation 

.Minimum 

Maximum 

Alkalinity,*  total,  mg/1  of  CaC'03 

8 

155.8 

1 1 .54 

138.0 

154  0 

Chloride,  mg/1 

8 

64.8 

46 

64,0 

65.0 

Conductivity,**  gS/cm 

380 

1,027  0 

65.2 

880  0 

1,150.0 

Hardness,  total,  mg/I  of  CaCO'^ 

8 

218.4 

40.97 

185.0 

282  0 

Nitrate,  NO3,  mg/1  of  N 

8 

1.26 

.36 

,8 

19 

Nitrite,  NO2,  mg/1  of  N 

8 

.014 

.007 

.005 

.023 

Oxygen,  dissolved,**  mg/I 

380 

9.43 

2.03 

6.73 

13  70 

pH,**  SU 

380 

8.29 

.19 

7.94 

8 73 

Phosphate,  PO4,  mg/1  of  P 

8 

.17 

.02 

14 

21 

Residue,  mg/1; 
Filterable 

8 

659.3 

45.86 

594  0 

706.0 

Nonfilterable 

8 

54  8 

13.22 

42,0 

80.0 

Total 

8 

760.5 

19.7 

730.0 

792  0 

Sulfate,  mg/1 

8 

171.5 

10.24 

160  0 

186.0 

Temperature,**  °C 

380 

28,05 

1.67 

24.45 

311 

Turbidity,  FTU 

8 

4 63 

2.13 

2.0 

7.0 

•Tilralcd  to  a pM  of  5.1 

••Conlinuoua  monilcirinK,  1050,  1 Scpiembn  to  1030,  5 Srptcirbcr  1975. 
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lahio  A-I2.  Siittimary  of  Water-Quality  Data  From  Kansas  River  Station  2,  6-7 


September  1975 


P.iramctcr 

No.  of 
samples 

Mean 

Standard 

deviation 

Minimum 

Maximum 

■Mkalinity,*  total,  mg/I  of  Ca('03 

« 

151.3 

6.41 

145.0 

160,0 

Chloriclc.  mg/I 

8 

53.5 

3.55 

50.0 

58.0 

Coniluctivity,**  ^iS/cm 

191 

971.5 

98  6 

790.0 

1 ,160.0 

Hardness,  total,  mg/1  of  CaCOj 

8 

227.5 

19.82 

200.0 

260.0 

Nitrate.  NO3,  mg/1  of  N 

8 

1 35 

.421 

.70 

1.90 

Nitrite.  NOs,  mg/1  of  N 

8 

.014 

001 

.013 

.017 

Oxygen,  dissolved, ••  mg/I 

191 

9.82 

1.94 

7.32 

1 3.63 

pH,**  SU 

191 

8.54 

.15 

8.29 

8.75 

Phosphate,  PO^ , mg/1  of  P 

8 

.19 

.05 

.13 

.25 

Residue,  mg/I: 
Filterable 

8 

685,5 

49.21 

638.0 

762.0 

Nonfilterable 

8 

77.25 

15.6 

62.0 

100.0 

Total 

8 

784.5 

52.62 

702.0 

854.0 

Sulfate,  mg/1 

8 

162.0 

18.76 

146.0 

200.0 

Temperature.**  °C 

191 

23.89 

1.18 

2.21 

25.5 

Turbidity.  FTU 

8 

6.75 

2.71 

3.0 

1 1.0 

•Titrated  to  a pH  of  5.1 . 

••Continuous  monitoring.  1 130,  5 September  to  1 100,  7 September  1975. 
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APPENDIX  B 


REPLICATE  SAMPLE  DATA  FOR  ALL  SIX  CREEK  STATIONS.  MAY  TO 

JUNE  1975 


Tables  B-1  to  B-3  give  the  replicate  sampling  data  for  the  six  stations,  CC  1,  CC  2,  CC 
3,  KC  1 . KC  2.  and  SPC  1 for  the  May-to-June  survey.  Table  B-4  gives  the  species  diversity  and  the 
redundancy  for  these  stations,  as  well  as  the  number  of  species  observed. 


Table  B-1.  Data  for  CC  1 and  CC  2 


Taxon 

rc  1 

CC  2 

Replicate 

Replicate 

n 

2 

3 

n 

H 

2 

3 

D 

5 

Ar^ia  moesla 

0 

1 

0 

0 

0 

0 

m 

0 

0 

0 

Astacuiae  sp. 

1 

I 

0 

0 

0 

0 

B 

0 

1 

0 

A ihenx  sp. 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

Alhnpsoties  sp. 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

HjvUs  sp 

16 

3 

14 

9 

■1 

9 

10 

1 1 

5 

4 

Hranchnra  sowcrhvi 

1 

19 

0 

0 

n 

0 

0 

0 

0 

0 

Caem.s  ,sp 

4 

4 

0 

4 

B 

6 

7 

6 

7 

3 

Ccralopogi/mjac  sp. 

0 

1 

0 

0 

0 

0 

0 

0 

0 

Chaohorus  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Cheumuto psyche  sp. 

404 

31 

319 

■1 

83 

i 15 

223 

148 

96 

Chironomus  sp. 

0 

0 

0 

B 

0 

0 

0 

0 

0 

! Chrysnps  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Collemhola  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Corixidae  sp. 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

Corydalus  sp 

0 

0 

0 

1 

0 

0 

I 

0 

0 

0 

Coryncura  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Cricotopus  sp. 

1 

0 

0 

8 

0 

0 

0 

0 

0 

0 

Cryptochironomus  sp. 

1 

0 

0 

2 

0 

0 

0 

0 

0 

0 

Ptcrotendipes  sp. 

2 

0 

1 

0 

0 

0 

0 

0 

Duhtraphta  sp. 

5 

1 

4 

1 

2 

0 

5 

0 

t.ukicfjeneila  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

/■'errissia  Kirktandi 

0 

1 

0 

0 

1 

1 

0 

0 

0 

(ilyptolendipes  sp. 

0 

0 

0 

0 

0 

1 

0 

0 

0 

llemiptera  unk 

0 

0 

0 

0 

0 

0 

0 

0 

llirudinea  unk 

1 

0 

0 

0 

0 

0 

0 

0 

Hvallela  azteca 

0 

0 

0 

1 

HI 

1 

6 

2 

1 

1 

Hvdrophilus  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Hvdroptila  sp. 

2 

1 

2 

4 

0 

0 

0 

0 

0 

0 

Ischnuru  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

Isonvchia  sp. 

41 

7 

20 

35 

0 

37 

33 

36 

15 

7 

l.icerus  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

l.vmnjea  sp 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

Microlendipes  sp. 

5 

2 

0 

1 

1 

0 

0 

0 

0 

0 

Seoperla  sp. 

1 

0 

0 

0 

0 

2 

0 

0 

0 

0 

Oligochaele  sp 

2 

6 

5 

0 

5 

0 

1 

2 

7 

Parat  hironomus  sp 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Hihlc  B-l.  Data  Cor  C'C  I and  CC  2 -Concluded 


1 .ixon 

('('  1 

('(  2 

ReplKale 

Roplicatf 

1 

3 

4 

5 

1 

2 

3 

5 

1‘vntancura  sp 

0 

— 

2 

4 

10 

— 

■> 

2 

1 1 

6 

13 

I’cncoimi  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I’l-rh  Ui!  placula 

0 

0 

2 

0 

0 

0 

0 

0 

0 

1 

I'hvsti  hiiwnn 

■> 

0 

0 

4 

*> 

0 

1 

0 

0 

0 

I’lfcopu  rj  ink 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

t'ol\  i<fJilum  sp 

8 

0 

7 

26 

4 

6 

8 

3 

3 

1 

I’rmiailius  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Pst'ctrovludius  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Fseudocluronomus  sp. 

S 

0 

3 

2 

4 

0 

0 

1 

0 

0 

Rhcofanvfarsus  sp. 

1 

0 

0 

5 

0 

0 

0 

0 

0 

0 

Simuliuin  sp. 

.t 

1 

5 

1 1 

0 

5 

12 

6 

23 

6 

Sphacnum  sp. 

3 

0 

0 

30 

0 

3 

0 

0 

0 

0 

Stcnvinus  sp. 

75 

15 

154 

83 

1 

44 

55 

167 

56 

16 

Sn  nnnema  sp. 

7 

5 

3 

2 

5 

1 1 

7 

6 

4 

3 

SirU'tochironomus  sp. 

2 

0 

3 

1 

0 

0 

0 

0 

0 

0 

Tanvlarsus  sp. 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

Tricorvlhoih-.s  sp. 

3 

0 

0 

6 

0 

0 

'y 

0 

0 

Total  Individuals 

605 

101 

452 

571 

41 



267 



277 



464 



281 

1 

154 

Table  B-2.  Data  tor  CC  3 and  KC  I 


Taxon 

CC  3 

KC  1 

Replicate 

Replicate 

1 

2 

3 

4 

5 

D 

B 

B 

B 

5 

Ar^ia  movsta 

0 

0 

1 

0 

0 

0 

0 

0 

0 

AshiaJav  sp. 

0 

0 

0 

0 

0 

0 

1 

0 

1 

3 

■1  Ihcrix  sp. 

0 

1 

1 

0 

2 

0 

1) 

0 

0 

0 

Alhrifisiidfs  sp 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Hu  fits  sp 

3 

0 

5 

0 

0 

0 

5 

0 

7 

0 

Hramhntra  sowfrhvi 

0 

0 

0 

0 

0 

0 

0 

0 

14 

4 

Curnts  sp 

1 

2 

5 

6 

0 

1 

0 

0 

'y 

0 

Ccrulopiigfimdac  sp. 

0 

1 

0 

0 

0 

0 

■1 

0 

0 

0 

Chudhtirus  sp 

0 

0 

0 

0 

0 

ma 

0 

0 

0 

Cln  umatopsYclu-  sp 

45 

46 

106 

86 

10 

Bi 

B 

4 

13 

24 

Chinmo/nus  sp 

0 

0 

0 

0 

0 

0 

B 

0 

1 

0 

Chrxsiips  sp. 

0 

2 

3 

0 

0 

0 

B 

0 

0 

0 

('ollrmholu  sp 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

CnnxiJav  sp 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

( on  Jatus  sp 

0 

0 

0 

0 

0 

0 

0 

1 

0 

Corvneura  sp 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Crifotopus  sp. 

0 

0 

3 

0 

2 

3 

0 

3 

1 

0 

Crvplot Aiironomus  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

1 

3 

Picrolfndipet  sp. 

0 

0 

0 

0 

1 

0 

■1 

0 

0 

1 

Duhiruphia  sp. 

0 

13 

1 

0 

3 

0 

B 

0 

0 

1 

I-  ukieffericlla  sp. 

0 

0 

0 

0 

0 

0 

B 

0 

0 

0 

I vrrissia  ktrklanji 

1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

52 


kC  I 


1 1 \on 

Ki'pli'-'ilc 

Kvplu.ile 

D 

■> 

4 

5 

1 

■ 

r 

3 

D 

m 

(•l\  ptmcrhltpcs  sp. 

0 

0 

0 

1 

0 

0 

0 

0 

0 

Ih  nuplcra  unk 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Hirudint’ii  unk 

6 

1 

7 

0 

1 

0 

0 

0 

0 

0 

// vdllelj  ijztccu 

0 

0 

0 

1 

1 

1 

1 

0 

0 

Ih  Jrnphijus  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

llvJroprilu  sp 

■) 

1 

0 

0 

0 

0 

0 

0 

0 

0 

Isch'iuru  sp 

0 

0 

0 

wl 

0 

0 

0 

0 

0 

/ioitviluj  sp. 

4 

0 

3 

0 

0 

1 

0 

0 

1 

l.tccrus  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

I 

3 

/,  vmnuca  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Mu  roii-ndipcs  sp. 

i 

0 

1 

4 

0 

T 

8 

1 

41 

\eopcrla  sp 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Oligothacta  sp. 

7 

0 

0 

■1 

0 

53 

31 

5 

51 

3 

I’urachirononius  sp. 

0 

1 

8 

0 

0 

0 

0 

0 

0 

/'cntanvura  sp. 

0 

3 

13 

2 

1 

2 

17 

*> 

7 

7 

Pcncoma  sp. 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

Pcrlc.ua  plactda 

0 

0 

0 

0 

0 

0 

0 

2 

0 

Phvsa  hawriii 

0 

5 

5 

4 

T 

0 

0 

6 

1 

Plecoptcra  unk 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Polvpcdthim  sp. 

T 

7 

16 

11 

27 

5 

Procladius  sp. 

0 

0 

0 

0 

0 

0 

1 

*» 

Picclrodadius  sp 

0 

0 

0 

1 

0 

0 

0 

0 

Pscudoduronomus  sp. 

0 

2 

0 

0 

0 

0 

3 

4 

Rhcotanvtarsus  sp. 

0 

0 

0 

4 

0 

0 

0 

Simulium  sp. 

6 

H 

1 1 

1 

2 

1 

1 

0 

1 

Sphaenurn  sp 

0 

0 

*> 

0 

0 

0 

0 

0 

0 

Slcncltru.^  sp 

27 

36 

■a 

35 

3 

7 

90 

8 

40 

10' 

Sicnoncma  sp. 

4 

0 

■n 

0 

0 

0 

0 

0 

0 

1 

Sinclochiriinomus  sp. 

0 

0 

0 

0 

3 

3 

0 

6 

0 

Tanrtarius  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

IncorythudfS  sp 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 otal  individuals 

1 1 1 

179 

218 

157 

a 

87 

189 

H 

213 

Table  B-3.  Data  for  K(’  2 aiiJ  SPC'  1 


laxon 

KC  2 

SI'C  1 

Replieatc 

Ki'plieate 

n 

2 

■ 

4 

D 

a 

"> 

3 

a 

5 

Argta  mncsta 

— 

0 

0 

0 

0 

— 

0 

“7^ 

0 

0 

1 

0 

A standuc  sp. 

4 

■> 

6 

5 

3 

1 

0 

0 

0 

0 

Athcrix  sp. 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

Alhnpsodcs  sp. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Hacus  sp. 

0 

5 

4 

1 

2 

0 

0 

0 

0 

Branchiura  sowcrhyi 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Cacnis  sp. 

1 

() 

2 

1 

1 

1 

h 

0 

0 

0 

Ceratopogomdac  sp 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

53 


Idbic  B-3.  Data  for  KC  2 and  SPC  1 

Concliidcd 

1 

K(  : 

n si’c  1 

1 

Replicate 

[ Replicate 

i'liiinhiirus  vp. 
(.'liciunulo!>\\chc  sp, 
Cluronvmus  sp. 

( hry.so/>s  sp. 

I'olU  mhiila  sp. 

Cnri.xiUac  sp. 

CoryJjtus  sp. 

(<irynfiini  sp. 
i 'runloinis  sp. 

( 'ryptin  hironomus  sp. 

Du  roU  ndipcs  sp, 
Diihiraphia  sp. 
i uku’tjynclla  sp. 

I'crnssia  kirklanUi 
(ilyploiemlipvs  sp. 
Hcmiptera  unk 
Uiruihnac  unk 
IlyalU’la  iiziccu 
// yjm/tliilus  sp. 

Ih  Jrnpiila  sp. 
hchnuro  sp. 

IsDiiychiu  sp. 

Lucrwi  sp. 

/ yinnaya  sp. 

Micrtiit  nJipi’x  sp, 
\enpcria  sp. 

OhgnyhaclJ  sp. 
I'arinhironomus  sp. 
I’l’itluru  ura  sp. 

I’cruiinui  sp. 

I'yricsru  plaaiia 
f’hyya  huH-nii 
I'lecopivru  unk 
/'itlypcjiluni  sp 
/’rni  ltujius  sp 
l‘ifi  IriKtuUius  sp. 

I’u  iulm  hironomus  sp. 
HhvolJnylar.\i\  sp. 
Sirnulium  sp. 

Sphat  rniin  sp 
Sh  nylfni\  sp 
Mti  nii/n  niii  sp 
Stru  toi  hirnruinim  sp. 
lunt  lat\u\  sp 
I ncrx  thojvs  sp 

Toldl  mdividuals 


0 

0 

0 

0 


141  d.l 


lablc  B-4.  Spi'CR’s  Ohscrvcil,  Species  Diversity,  ami  Redun- 
dancy at  All  Six  Stations 


St  at  ions 

Replicate 

Species 

present 

Species 

diversity 

Redundancy 

Captain  Crt-ek 

CC  1 

1 

26 

1.99 

0 58 

17 

3. 1 3 

23 

3 

22 

2.12 

.5  2 

4 

25 

2.47 

.47 

. 5 

16 

3.71 

07 

cc : 

1 

15 

2.54 

35 

A 

20 

2 80 

35 

3 

13 

1.92 

48 

4 

13 

2.28 

38 

5 

13 

.48 

CC  3 

1 

13 

2 69 

.27 

2 

18 

2 39 

44 

3 

1<) 

2.79 

.34 

4 

14 

2.18 

43 

5 

15 

3.13 

Kill  Creek ; 

KC  1 

1 

14 

2.28 

2 

19 

2.84 

.38 

3 

9 

2 82 

.1  1 

4 

21 

3.29 

.25 

5 

19 

2 48 

.42 

KC  2 

13 

2.21 

.40 

2 01 

.55 

20 

1.84 

57 

IK 

2.23 

4fi 

■SB 

1.95 

.54 

Spoon  Creek  SI’C  1 

2.94 

.32 

mSM 

3.51 

16 

HH 

1 69 

49 

mm 

2.37 

.34 

5 

■91 

3 19 

19 

DISTRIBUTION  ITS!  I OR  ARCSl.  I R 77(13“) 


Name'.  Copies 

l III  MUM  SYSTl  MS  I AHOR  AIORV 


on  Id  OI  111!  DIRI  (TOR 

Altn  DRDAR-CLO  1 

SAi  I TY  on  Id 

Attn  DRDAR-Cn  I 

PI  ANS  & PROORAMS  OI T KT 

Attn:  DRDARCLR  I 

AITIIOR'S  (OPU  S l nvuonmental  Technology 

Division.  Attn:  DRDAR-Cn  -I'  30 

.ilOMl  DK  AT  TAHORAIORY 

Attn  DRDARCn  I 


( H DI  TKTION  i ALARMS  DIVISION 
Attn  DRDAR-CTC-C 

I 

DL  VILOPMTNTAI  SUPPORT  DIVISION 


Attn  DRDAR-CU-I  4 

Attn  DRDAR-CU  M 1 

I NT'IRONMI  NT  AT  TI.CHN0L(X;Y  DIVISION 

Attn  DRDAR-CTTK  I 

MUNITIONS  DIVISION 

Attn  DRDARd.N  I 

PIIYSK  AI  PRO!  I (T  ION  DIVISION 

Attn  DRDAR-Cny  I 

Rl  SI  ARCH  DIVISION 

Attn  DRDAR-CTB  I 


1)1  PAR  I Ml  NT  OI  DIM  NST 
Administrator 

IK'fense  Documentation  Center 

Attn  Accessions  Division  12 

( ameron  Station 
Alexandria.  VA  22314 

Director 

Delense  Intelligence  Agency 

Altn  DIMOI  I 

Washington.  IK  20301 

1)1  PAR  IMI  NT  OI  Till  ARMY 

M(2DA  (DAMO  SSC)  I 

WASIIIK  20310 

on  Id  OI  Till  SUROI ON  (;i  Nl  RAT 
( ommander 

US  Army  Medical  Bi  engineering  Research  & 

Development  laihoratory 
Altn  S(.RD-UBC 
Ann:  LTC  L.  Reutei 
Tori  Delrick.  Bldg  5AK 
I redericV.  Ml)  21701 


Names  ^ opies 

IB.IDA  (SCKD-I  1)1  I 

Altn  l.K  Oiarles  Dctlor  I 

W ASH  D(  20314 

l.'S  ARMY  HTATTII  SI  KVKT  (T).MMAND 
Commander 

I S Army  I nvironmental  Hygiene  Agency 

Attn  HSI  AA  1 . lahrarian.  Bldg  2100  1 

Attn.  HSl  \A1  2 

\l*(i  I^d>!L■wolul 

Supcriniendcni 

Academy  o!  Health  Sciences 

US  Army 

Atm  HSA-CDC  . ' 

Altn  HSA-IHT  ' 

Tort  Sam  Houston.  I .X  78234 

(ommander 

US  Army  Institute  ol  Surgical  Research  1 

Brook  Army  Medical  ( enter 
Tort  Sam  Houston.  TX  78234 

US  ARMY  MAH  HIM  DI  VM.OPMI  NT  AND 
Rl  M>ISi  aS  ( OMMAND 

Commander 

I S Army  Materiel  Development  and 
Readiness  Command 

Attn  DRCSl  ' 

Attn  DR(  RD-WB  ' 

Altn  DR(  RD  ' 

Attn  DRCRD  I S > 

Attn  DRCIS  Ml)  ' 

Attn  DRd’Al  ' 

Attn  DRCRO  I ' 

5001  Tisenhovcer  Ave 
.Alexandria.  \ .A  22333 

Commander 

US  Army  Toreign  Science  & lechnology  Center 

Attn  DRXSIISI  “ 

220  Seventh  St..  NT 
Oi.itlollcsville.  VA  22')OI 

Project  Manager  (or  Chemical  Demilitarization 
and  Installation  Restoration 

Altn  DRCPM-DR.  Bldg  T45H5  1 

AP(1  Tdgewood  Area 

Redstone  Scientific  Information  Center 

Altn  (Tiicf.  Documents  ' 

IIS  Army  .Missile  Command 
Redstone  Arsenal.  Al  35809 

( onimandet 

US  Army  Science  & Technology  1 

CenlerT  ar  l ast  Office 
APO  San  I rancisco  96328 


57 


J^ecedimj 


PA5E  bunk-nct  ii'rLi.f:D 


msikiiuniON  usi  iok  akcsi  ik  77my 


I S \KMV  \KM\MI  M Rl  SI  \R(  II  AM) 
|)l  VI  I Ol’MI  N I COMM  AND 

( omniandiT 

I S Arm>  Armamcn!  Research  and 
Dcschipincni  Command 
Alin  DKSAK  ASI 
Alin  DRSAR  ASN 
Alin  DRSAR  ISI 

Dover.  \J  II78HI 

( ominander 

Roik)  Moiinlain  Arsenal 
\lln  SARRM  MD 

Denver,  CO  Kl)240 


( ominander 

Naval  I aeiliiies  I ninneermi;  ( oininand 
Alin  ( mle  0.1 
200  Slovall  Sireel 
Alesandrla.  VA  22^42 

Commander 

Naval  Ordnaiue  S>  sienis  ( ommand 
Alin  ORD-lOD 
Vk.ishmr’ion.  DC  20.)A0 

nnel.  Bureau  ol  Mediune  A.  Surpery 
Deparimeni  ol  llie  N.ivv 
Alin  CODI  5 
^kashlnplon.  DC  21072 


Commander 
Pine  BluO  Arsenal 
Alin  SARPIM  l A 
Pine  BliilT.  AR  71611 

Commander 
1 ranklord  Arsenal 

Alin:  SARI  AT4200 
Alin:  I ibrarv  Hraneli.  TSP  l 
Bldp  51-2 

Philadelphia.  PA  19137 

I S ARMY  n ST  & ( VAI.DATION  COMMAND 

Record  Cops 
CDR,  APC; 

Alin  STI  AP-AD-R/RIIA 
APCi-1  dpewood  Area,  BIdp  LSI  79 

CDR,  API. 

Ann  SIIAP-Tl, 
apt; -Aberdeen  Area 

( oinmander 

I'S  Army  Tropic  Tesi  ( enter 

Ann  SM  TC-MO-A  (Tech  Ubrary) 

Al*0  New  York  09827 

Commander 

Dupway  Provinp  (Troiind 
Altn  SIIDP-PO 
Dupway.  IJT  84022 

Commander 

US  Army  Test  A I valuation  (oininand 
Attn  DRSTT  U; 

Atm  DRSIT  Ml 
Ann  DRSIT  NB 
APO-Aberdeen  Area 

DTPARIMTNI  Ol  1111.  NAVY 

Chief  ol  Naval  Research 
Alin  Code  443 
HOO  N.  (Quincy  Slrccl 
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